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I. 

PLEADINGS, DOCKET ENTRIES AND 
OTHER PAPERS. 

122 Filed Sep 25 1948 

In the District Court of the United States 
For the District of Columbia 

Civil Action No. 3977-48 

Vanadium Corporation of America, 420 Lexington Ave., 

New York, N. Y., Plaintiff 

v. 

Lawrence C. Kingsland, Co mmi ssioner of Patents, 
Washington, D. C., Defendant 

Complaint. 

Letters Patent 

To the Honorable, the Justices of the District Court of the 
United States for the District of Columbia: 

Vanadium Corporation of America, plaintiff in the above 
entitled action, alleges: 

1. Plaintiff, Vanadium Corporation of America, is a cor¬ 
poration duly organized and existing under the laws of the 
State of Delaware and having a principal place of business 
at New York City, State of New York. 

2. The defendant, Lawrence C. Kingsland, is Commis¬ 
sioner of Patents and has his official residence in the Dis¬ 
trict of Columbia within the jurisdiction of this Court. 

3. This is a suit arising under the patent laws of the 
United States and is based upon the provisions of Section 
4915 of the Revised Statutes of the United States as 
amended by Acts of March 2, 1927, C. 273, Section 11, 44 
Stat. 1336, March 2, 1929, C. 488, Section 2(b), 45 Stat. 
1476, and August 5, 1939, C. 451, Section 4, 53 Stat. 1212 

(U. S. Code, Title 35, Section 63); and is based upon 

123 the refusal of the Commissioner of Patents to grant 
Letters Patent to the plaintiff upon an application 
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for Letters Patent hereinafter identified, and of whi|ch 
plaintiff is the sole owner of the entire right, title and in¬ 
terest, except for the license to the United States Govern¬ 
ment referred to in paragraph 5 hereof. 

4. On the 10th day of February, 1942, Frank W. Wood¬ 
man and Miles B. Royer, being, as the plaintiff is informed 
and believes and therefore alleges, the original, first and 
joint inventors of certain new and useful improvements in 
“Purification of Manganese Salt Solutions,’’ not aban¬ 
doned, not known or used by others in this country before 
their invention or discovery thereof, not patented or de¬ 
scribed in any printed publication in this or any foreign 
country before their invention or discovery thereof, or moire 
than one year prior to their application hereinafter meh- 
tioned, not in public use or on sale in this country for mo^e 
than one year prior to the date of said application, and not 
patented nor caused to be patented by themselves or their 
legal representatives or assigns in any foreign country on 
an application filed more than twelve months prior to their 
said application in this country, duly filed in the United 
States Patent Office an application for Letters Patent for 
said invention, which application bears Serial No. 430,258. 
124 5. The plaintiff owns the complete right, title ahd 

interest in and to said application Serial No. 430,2138 
and to each and every invention therein disclosed, by rea¬ 
son of the conveyance from Frank W. Woodman and Miles 
B. Royer to the Vanadium Corporation of America, dated 
April 29,1946, and recorded on May 21,1946 in Liber F-207, 
page 428, Transfers of Patents of United States Patent 
Office, except that the inventions described in said applica¬ 
tion may be manufactured and used by or for the United 
States Government for governmental purposes without the 
payment of any royalty thereon, in accordance with in 
agreement between said inventors and plaintiff dated Jnly 
25, 1946 and recorded August 2, 1946 in Liber F-208, page 
8, Transfers of Patents of the United States Patent Office. 

6. The Board of Appeals of the United States Pate at 
Office in a decision rendered on the 26th day of March, 194S, 
wrongfully refused to allow claims numbered 22, 26, 27 and 


2S of said application Serial No. 430,258, as will more fully 
appear from the record of the application now in the Pat¬ 
ent Office, which record or a certified copy thereof plaintiff 
will produce at the hearing of this case. Said claims are 
as follows: 

Claim 22. A process for producing a purified manganese 
salt solution amenable to electrodeposition of the mangan¬ 
ese content thereof, which comprises subjecting a mangan¬ 
ese salt solution to a preliminary purification treatment 
which removes substantially all iron and heavy metal im¬ 
purities, said preliminary purification treatment including 
treatment with a soluble sulfide, thereafter treating said 
purified solution maintained at a pH of at least 4.5 with a 
soluble compound of a metal selected from the group 
125 consisting of iron, aluminum, beryllium and titanium 
which precipitates as a hydrate, said soluble com¬ 
pound being used in amount to give about 0.1 gram per liter 
to 1.0 gram per liter of metal of said group, and recovering 
a purified solution from the treatment mixture. 

Claim 26. A process for producing a purified manganese 
sulfate solution amenable to electrodeposition of the man¬ 
ganese content thereof, which comprises subjecting a man¬ 
ganese sulfate solution to a prelimniary purification treat¬ 
ment which removes substantially all iron and heavy metal 
impurities, said preliminary purification treatment includ¬ 
ing treatment with a soluble sulfide, thereafter treating said 
purified solution maintained at a pH between 7 and 8 with 
a soluble compound of a metal selected from the group con¬ 
sisting of iron, aluminum, beryllium and titanium which 
precipitates as a hydrate, said soluble compound being used 
in amount to give about 0.1 gram per liter to 1.0 gram per 
liter of metal of said group, and recovering a purified solu¬ 
tion from the treatment mixture. 

Claim 27. A process for producing a purified manganese 
sulfate solution amenable to electrodeposition of the man¬ 
ganese content thereof, which comprises subjecting a man¬ 
ganese sulfate solution to a preliminary purification treat¬ 
ment which removes substantially all iron and heavy metal 
impurities, said preliminary purification treatment includ- 
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ing treatment with a soluble sulfide, thereafter treating isaid 
purified solution maintained at a pH between 7 and 8 kith 
a soluble sulfate of iron which precipitates as a hydtate, 
said soluble sulfate of iron being used in amount to ^ive 
about 0.1 gram per liter to 1.0 gram per liter of iron, and 
recovering a purified solution from the treatment mixture. 

Claim 28. A process for producing a purified manganese 
sulfate solution amenable to electrodeposition of the lfcan- 
ganese content thereof, which comprises subjecting a ljnan- 
ganese sulfate solution to a preliminary purification treat¬ 
ment which removes substantially all iron and heavy rfietal 
impurities so that the solution contains not over about 
0.0001 gram per liter of iron, said preliminary purification 
treatment including treatment with a soluble sulphide, 
thereafter treating said purified solution maintained at a 
pH between 7 and 8 with a soluble compound of a njietal 
selected from the group consisting of iron, aluminum, beryl¬ 
lium and titanium which precipitates as a hydrate, said sol¬ 
uble compound being used in amount to give about 0.1 gram 
per liter to 1.0 gram per liter of metal of said group, and 
recovering a purified solution from the treatment mixture. 
126 7. No appeal has been filed in the United States 

Court of Customs and Patent Appeals from any ac¬ 
tion of the Patent Office in said application, and no appeal 
is now pending in said Court. 

Wherefore, plaintiff prays for an order finding that 
plaintiff is entitled according to law to receive a patent for 
the said inventions as set forth in the claims specified in 
Paragraph 6 and for such other and further relief ag the 
Court may deem proper. 

Donald A. Gardiner 
Attorney for Plaintiff 
Donald A. Gardiner, Esq. 
Woodward Building 
Washington, D. C. 

Bruce G. Mackey, Esq. 

1321 Farmers Bank Building 
Pittsburgh, Pennsylvania 

• • • • • * • • * • 
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129 Filed Oct 7 1948 

Answer to the Complaint. 

To the Honorable, the Judges of the United States District 
Court for the District of Columbia. 

1, 2, 3. Defendant admits the allegations of paragraphs 
1, 2 and 3. 

4. He admits that on February ID, 1942, Frank W. Wood¬ 
man and Miles B. Boyer, claiming to be the original, first 
and joint inventors of certain alleged improvements in the 
“Purification of Manganese Salt Solutions”, filed in the 
Patent Office an application for patent thereon, to which 
application Serial No. 430,258 was given, and in said appli¬ 
cation made averments corresponding to the allegations of 
paragraph 4. He denies, for reasons hereinafter given, that 
said allegations are sufficient to justify the issuance of a 
patent on said application. 

5. He admits the allegations of paragraph 5. 

6. He admits the allegations of paragraph 6 except 

130 the allegation that the decision of the Board of Ap¬ 
peals affirming the rejection of claims 22, 26, 27 and 

28, of said application, was wrongful. This allegation he 
denies. He states that the said claims are unpatentable in 
view of the following prior patents and publications and 
for the reasons given by the examiner in his statements 
dated November 5, 1947, and February 16, 1948, and in the 
decisions rendered by the Board of Appeals on March 26, 
1948, and September 28, 1948, copies of which will be fur¬ 
nished at the trial: 

Jacobson, 1,137,005, April 27, 1915, 

Hannay et al., 2,259,418, Oct. 14, 1941, 

Bureau of Mines Report of Investigations, No. 3406, 
pages 6, 7 and 8, 

Prescott and Johnson, Qualitative Chemical Analysis, 
5th Edition, pages 114 and 115. Published by D. Van Nos¬ 
trand Co., N. Y., (1901). 
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Profert of copies of these patents and publications is 
hereby made. 

7. He admits the allegations of paragraph 7. 


W. W. Cochran, 
Solicitor, U. S. Patent Office, 
Attorney for Defendant. 


October 6, 1948. 


EXCERPTS FROM TESTIMONY AND PROCEEDINGS. 
19 Frank William Woodman 


was called as a witness by the plaintiff and, being firs': duly 
sworn, was examined and testified as follows: 

Direct Examination 

By Mr. Webb: 

• ##***•••• 

20 Q. By whom are you employed at the present time? 
A. Southern Alkali Corporation. 

Q. Now, will you please state your advanced education? 
A. I attended the South Dakota School of Mines from 1924 
to 1926. At that time, I went with the Anaconda Copper 
Mining Company in Great Falls, Montana. In 1928, the 
Anaconda Company transferred me to Anaconda, Montana, 
in their new electrolytic zinc plant. I worked in that plant 
until 1932 as a foreman in the operations. 

I attended the South Dakota School of Mines from 1932 
to 1934 and graduated in June of 1934. 

Q. Following your graduation, what did you do, Mr. 
Woodman? A. From June until January, I worked with 
the Empire Mines as a research metallurgist in the amalga¬ 
mation of gold and the flotation of gold sand and issue of 
gold, and in January of 1935, I again went back with the 
Anaconda, Montana, and I was employed by the Anaconda 
Company in their research department. 
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In the research department, I worked on various prob¬ 
lems for the company, including electrolytic zinc work, 
vanadium work, arsenic and electrolytic manganese, and 
several others. 

Q. How long did you remain with Anaconda on 

21 that occasion, Mr. Woodman? A. I left the Ana¬ 
conda Company in December of 1940. 

Q. What did you do after that? A. I went with the 
United States Bureau of Mines at Boulder City, Nevada, 
in December of 1940, and stayed with them until Decem¬ 
ber of 1941. 

Q. What was the nature of the job that you had with the 
Bureau of Mines during that period, what did you do? A. 
The nature of my wmrk with the Bureau of Mines was re¬ 
search investigation, design of construction, and the instal¬ 
lation of a pilot plant at the Boulder City station. 

Q. What was that pilot plant for? A. That pilot plant 
was designed for the purpose of demonstrating to industry 
the feasibility of electrolytic manganese production. 

Q. Now, was that a matter which the Bureau of Mines 
had previously done experimental work on? A. Yes, the 
Bureau of Mines had been working on electrolytic manga¬ 
nese from about 1936. 

Q. I believe you said you left the Bureau of Mines in 
December, 1941. Where did you go after that and what 
did you do? A. I went with Basic Magnesium, Incorpo¬ 
rated, at Henderson, Nevada, and for the first six months, 
the Government sent me to England where I studied the 
production of magnesium. 

22 On return to this country, I was given the position 
of superintendent of the electrolytic magnesium 

plant at Basic Magnesium. I held that position for about 
one year and a half, sufficient to get all of the magnesium 
cells in operation. Then I was transferred as superin¬ 
tendent of the chlorine and caustic plant at Basic Mag¬ 
nesium. 
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Q. And how long did you remain with Basic Magndsium? 
A. I left Basic Magnesium when the plant shut down about 
March, 1945. 

Q. What did you do after that? A. I was with th<fe Ath¬ 
letic Mining and Smelting Company in Fort Smith, Arkan¬ 
sas, for about one year and a half, that is a retoht zinc 
smelter. 

Q. By whom are you employed now? A. The Southern 
Alkali Corporation. 

Q. What is the nature of your job with the Southern 
Alkali Corporation? A. I am superintendent of engineer¬ 
ing in charge of laboratory research work, mechanical, 
electrical, and all phases of engineering. 

Q. What is the nature of the business of the Southern 
Alkali Corporation, in a general way? A. We manufacture 
chlorine, caustic, soda ash, hydrogen. 

Q. Is that a fairly large producer of caustic, soda 
23 ash and so forth? 

A. Southern Alkali, along with its affiliate, Colum¬ 
bia Chemicals, are the largest merchant producers of elec¬ 
trolytic chlorine and caustic in the world. 

Q. You referred to the various work you have dope for 
the Bureau of Mines, Basic, and Southern Alkali Corpora¬ 
tion. Has practically all of that work been of an electro¬ 
chemical nature? A. Yes, my work has consisted ijiainly 
of electro-chemical procedures. 

Q. And are you a member of the Electro-Chemical So¬ 
ciety? A. I am. 

Q. Now, are you the Frank W. Woodman who, on Febru¬ 
ary 10, 1942, jointly with Miles Boyer, filed application, 
Serial No. 430,258, in the United States Patent Offic€ ? A. 
I am. 

Mr. Webb: May I offer in evidence as Plaintiff’s Exhibit 
No. 1, the certified copy of the File Wrapper and Contents, 
in the matter of the Woodman and Royer application? 

The Court: It will be admitted. 

(Plaintiff’s Exhibit No. 1, File Wrapper and Contents 
in Woodman and Royer Application, was received ib evi¬ 
dence.) 
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By Mr. Webb: 

24 Q. I note the title of vour application is “Improve¬ 
ment in Purification of Manganese Salt Solutions.” 

Before discussing the details of your process, I wish you 
to state to the Court just what manganese is and what the 
source of it is. A. Well, manganese is a metal. Its main 
use is in the alloy of steels. There are other uses, but that 
is the main use today. 

The sources of manganese at the present time are, for 
the United States, Russia, Cuba, Brazil, Africa, those are 
the main sources of our manganese supply. 

Q. There are some manganese ores in this country, are 
there? A. There are manganese ores in the United States, 
but they are of insufficient grade or small deposits; they are 
not commercial deposits, with only one exception that I 
know of today, and that is at Butte, Montana. 

The Court: That is what, you said one exception? 

The Witness: One exception today that I am sure the 
plant is in operation, is at Butte, Montana. That is the 
only commercial operation I know of today of a large scale. 

By Mr. Webb: 

Q. How is the manganese recovered from the ore in that 
operation? A. In the operation now at Butte? 

25 Yes, the one you spoke of. A. The ore is mined in 
Butte and it is brought by railroad to Anaconda. It 

is ground very fine and flotation is used to upgrade the ore 
to a higher percentage of manganese. This higher per¬ 
centage of manganese ore then is run through a big kiln 
and nodulized, in that form it is shippable then to the steel 
industry. 

Q. I just wanted to bring out that that was not an elec¬ 
trolytic process, is that right? A. That is right, that is not 
electrolytic. 

Mr. Webb: Will you mark that for identification, please, 
Plaintiff’s Exhibit No. 2? 

(Plaintiff’s Exhibit No. 2, Flow Diagram, Serial No. 
430,258, was marked for Identification.) 
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By Mr. Webb: 

► Q. Mr. Woodman, I show you a chart which has been 
marked Plaintiff’s Exhibit No. 2. Will you tell us what 
that chart is, please? A. This is the chart that I prepared 

► in order to show the various steps in the electrolytic man¬ 
ganese procedure. 

The Court: This corresponds to this large board tha.t you 
showed me, doesn’t it? 

Mr. Webb: Yes, Your Honor, that corresponds to the 
I large chart which I would like to have marked as 

26 Plaintiff’s Exhibit No. 3. 

The Court: Very well. 

» (Plaintiff’s Exhibit No. 3, enlargement of Plaintiff’s 

Exhibit No. 2, was marked for identification.) 

Mr. Webb: I offer as Plaintiff’s Exhibits Nos. 2 and 3, 

* the charts which have been so marked. 

Mr. Cochran.: Is this No. 3? 

Mr. Webb: No, Mr. Cochran, No. 3 is the enlarged chart 
of Exhibit No. 2. 

Mr. Cochran: No objection. 

The Court: They will be received. 

(Plaintiff’s Exhibits Nos. 2 and 3 were received in evi¬ 
dence.) 

By Mr. Webb: 

Q. Now, Mr. Woodman, will you please refer to Plain¬ 
tiff’s Exhibit No. 2 and explain to the Court the various 
k steps of your process? In other words, describe the pro¬ 

cess in detail as shown on the chart and as described in 
your application. A. The manganese ore as mined is not 

* suitable for the leaching operation with sulphuric acid. 
Therefore, it is given what is called a reducing roast, in 
other words, it is thrown into a hot furnace and oxygen is 

* taken away from it. In that form, then, it is fed to 

27 Step (2), where it is contacted with sulphuric acid. 

^ The sulphuric acid will leach from the ore the man¬ 

ganese, causing a manganous sulphate solution. The sul- 
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phuric acid will also leach from the ore impurities in the 
ore such as iron, arsenic, copper, and nickel. Therefore, 
the leach solution contains manganese sulphate, ammonium 
sulphate, and the impurities such as the sulphates of iron, 
arsenic, copper, nickel, and so forth. 

This leach then is filtered in Item (3). 

Q. Before you go to Item (3), will you tell us where the 
ammonia comes from that is in that leach solution, that is 
ammonium sulphate? A. Yes. The ammonium sulphate is 
added to the leach solution originally. It is for a purpose, 
it is added for the purpose of helping deposition of the 
metal in the manganese electrolytic cell. 

Q. Now, will you go ahead and take up the other steps of 
the process, please? A. After leaching, the ore is filtered 
from the solution in Step (3) and the ore residue in Step 
(4) is discarded as being worthless. 

The solution from the filter in Step (3) goes to what is 
called the iron purification, which is Step (5). Here, iron 
is added to the solution, providing not enough iron has been 
leached from the ore to carry down with it all of 
28 the arsenic which has been leached from the ore. 

Air is added to the solution and this precipitates the 
iron which carries down with it the arsenic, provided a 
sufficient amount of iron is present. Additional iron is 
added if this amount is found to be insufficient. This step 
does not precipitate the copper or nickel, because the copper 
or nickel is present in the solution as sulphates. 

After this step, the iron precipitate is filtered from the 
solution in Step (6), and in Step (7) the iron-arsenic im¬ 
purities are discarded because they are worthless. 

The solution from the filter is passed to the hydrogen 
sulphide purification, (8). The filtrate is treated with 
hydrogen sulphide to convert the sulphates of copper and 
nickel to sulphides, some of which precipitates and are fil¬ 
tered off. However, copper and nickel sulphides are some¬ 
what soluble in the solution so that the precipitation of 
copper and nickel sulphides is not complete and small 


amounts of copper and nickel sulphides remain dissolved 
in the solution. This solution is not suitable for the eleptro- 
depositing of manganese on a commercial scale. 

The Court: Why is that? 

The Witness: Because very, very minute amounts of im¬ 
purities will remain in the solution, impurities so minute 
that an analytical laboratory cannot detect them, but 

electrolytic cell will do it, and it will spoil th£ de- 
29 posit. 

The Court: All right. 

The Witness: After the sulphide purification, the Solu¬ 
tion is again filtered and the copper-nickel impurities dis¬ 
carded, because they are worthless. 

After this filter, the solution goes to the final purification, 
which is Step (11). Here, iron as ferrous sulphate, along 
with air, is added to the solution containing copper and 
nickel sulphides. Some of the ferrous sulphate will :react 
with the copper sulphide and with the nickel sulphide to 
form iron-copper and iron-nickel sulphides. Such com¬ 
pounds are less soluble than the copper sulphide and pickel 
sulphide and therefore precipitate. 

Any excess iron added here will be precipitated a[s an 
iron hydroxide. 

This precipitate is then filtered off in Step (12). The 
solution from the filter in Step (12) is now ready and is fed 
to the manganese electrolytic cell, Step (15). 

The Court: I will take a five-minute recess. 

(A short recess was taken.) 

By Mr. Webb: 


Q. Now, you referred to the electrolytic cell which is 
illustrated in Item (15) on Exhibit 2, Mr. Woodman. Is 
that where the manganese itself is electrodepogited 
30 from this solution? A. Yes, this purified solutipn is 
sent between two electrodes, one being an anode, one 
being a cathode; an electric current is caused to pass from 
the anode to the cathode. The manganese metal i& de- 
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posited on the cathode and, after a suitable length of time, 
the cathode is removed from the solution, the manganese 
stripped from this cathode, and the cathode again replaced 
in the solution for further deposition. 

Q. What is the character or general appearance of that 
solution that is fed into the electrolytic cell, is it a clear 
solution? A. The solution fed to the cell must be spark¬ 
ling clear. 

Q. Now, awhile ago the Court asked why the solution, 
after having been treated as indicated at (8) on Plaintiff’s 
Exhibit 2, was not suitable for electrodeposition, and you 
explained about the impurities that were in there. What 
is the nature of the solution at that stage of the process? 
A. The solution at Step (8) has been purified of some of 
the impurities. There still remains in solution, not as sus¬ 
pended particles but actually in solution, there still remains 
some impurities which, if allowed to go to the electrolytic 
cell, will cause what is known as re-solution of the man¬ 
ganese and the manganese will refused to plate. 

Q. At that stage, the solution is clear also, isn’t 
31 it, despite the fact that it contains these impurities? 

A. Yes. The solution from Step (8) goes through 
Filter (9) and in Filter (9) all suspended matter is re¬ 
moved. Therefore, the only things remaining in the solu¬ 
tion are the impurities which are soluble and are in solu¬ 
tion and therefore cannot be caught on filter (9). 

Q. Now, will you please tell us why it is that the addition 
of ferrous sulphate in Step (5) as you described it and as 
is set forth on the chart, does not precipitate out or elimi¬ 
nate the copper or nickel so that those impurities can be 
removed, whereas at a later time in the process, namely, 
after the hydrogen sulphide treatment and down there in 
Step (11) the addition of the ferrous sulphate does serve 
to precipitate out the nickel, cobalt and copper impurities 
that are in the solution? A. The iron in Step (5) comes 
from the ore, or can be added. In any event, it is added to 
a solution where all of the metals are present as sulphates 
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> and iron addition is at this stage of absolutely no effect on 
removing nickel-cobalt from the solution, whereas in Step 
(11) after the sulphide purification, those metals are pres¬ 
ent there as the sulphides and when they are present as the 
sulphides, the addition of iron will remove those sulphides 
from solution. 

Q. Then, as I understand it, when these impurities 
32 are in the sulphate form as they are up in Step (5), 

, the treatment with ferrous sulphate will not remove 

^ them and it is not until after you convert the sulphates to 
sulphides that a ferrous sulphate treatment will remove 
f those impurities, is that it? A. That is correct. 

* Q. What would happen if you were to add more iron in 
the form of ferrous sulphate up there in Step (5) as illus- 
trated on the chart, Exhibit 2? A. The addition of more 

¥ iron in Step (5) would have absolutely no effect whatso- 

( ever on the purification. Only sufficient iron is required to 

remove the arsenic, any additions above that would have 
absolutely no effect on the purification of the solution. 

The Court: What form of iron is used in Step (5) th^re? 

The Witness: In Step (5), if you want to add iron 
there, you can add ferrous sulphate, you can add a cfhlo- 

* ride, in this particular case we are adding ferrous sulphate. 

, It is the same iron that you add there (indicating), fer¬ 

rous sulphate that you would add any other place, it is in 
the same form. 

By Mr. Webb: 

Q. In other words, it isn’t the pure iron that is 
k added there, it is iron in the form of a sulphate or a 

> 33 chloride? A. It is iron that you must add which 

will be soluble in the solution. 

Q. Now, you have referred to sulphates of copper and 

* nickel and you have also referred to sulphides of copper 
and nickel and cobalt. Will you please explain briefly the 
difference between, as for example a copper sulphate and 
a copper sulphide? A. In this instance, copper sulphate 
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is a salt which is very soluble in the manganese solutions. 
When you add hydrogen sulphide you convert the copper 
sulphate to a copper sulphide. When converted to a copper 
sulphide, the copper is not as soluble in the manganese 
solutions as a copper sulphate. The same is true for co¬ 
balt or some of the other metals. 

Q. Is there any difference from the standpoint of appear¬ 
ance, for example, between copper sulphate and copper 
sulphide! A. Copper sulphate is a blue crystalline salt, 
whereas copper sulphide is usually a grey or a black floc¬ 
culate looking material. 

Q. Now, in your description of the process as you gave 
it, and also as shown in the Plaintiff’s Exhibit 2, reference 
has been made to this addition of ferrous sulphate, 
that is the iron is added in the form of ferrous sul- 
34 phate. Are there any other metal sulphates which 
can be used in place of the iron sulphate and accom¬ 
plish your purposes? A. Yes, you can use aluminum, you 
can use beryllium, and titanium. 

Q. And if those metals were to be used, I take it that 
they would have to be added or used in the form of a salt, 
that is a salt in sulphate or chloride form? A. Yes, they 
would have to be added to the solution as a soluble salt, 
that is a salt which can go in solution readily. 

Mr. Webb: I wanted to develop that fact, Your Honor, 
because you will note that Claim 22 speaks of this treat¬ 
ment with a soluble compound, “of a metal selected from 
the group consisting of,” certain of these metals, so that 
the case is not limited to the use of an iron salt. These 
other salts may be used. 

By Mr. Webb: 

Q. Now, where were you working at the time you and 
Mr. Royer made the invention covered by the application 
involved here? A. I was working at the Bureau of Mines 
station at Boulder City, Nevada. 
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Q. And I believe you said earlier that you were ydth 
the Bureau of Mines at that station from December, 

35 1940, to December, 1941? A. That is right. 

Q. Now, prior to the time that you went with the 
Bureau of Mines, I believe you said you were with the 
Anaconda Copper Mining Company? A. That is right! 

Q. While you were with that company, did you do some 
work on this problem of purification of solutions to be used 
in the electrolytic deposition of manganese? A. Yes, I 
worked for approximately fifteen months in the research 
department of Anaconda, Montana, for the Anaconda 
Mining Company. 

Q. And while with Anaconda, did you have also experi¬ 
ence with the electrolytic deposition of zinc and the puri¬ 
fication of solutions to be used? A. That is right, as part 
of my research work, I had experimented with the purifi¬ 
cation of zinc solutions many times. 

Q. Now, at the time you started on the work on electro¬ 
lytic manganese for Anaconda Copper Mining Company, 
did you make any special study of any process of making 
electrolytic manganese? A. Yes, when I was assigned tthe 
job of investigating the electrolytic manganese problem, 
the Anaconda Company sent me to Rolla, Missouri, at jthe 
Bureau of Mines Station. I studied there for |ap- 

36 proximately two weeks under a Mr. Shelton, vldio 
had accomplished a great deal of the work, of the 

original work done by the Bureau of Mines at the station 
at Reno, Nevada. I spent two weeks studying the ore re¬ 
duction, leaching, purification, and deposition of manganese 
with him before I went back with the Anaconda Company 
to pursue the work there. 

Q. Is the Mr. Shelton that you refer to, Mr. S. M. Shel¬ 
ton whose name appears on this Bureau of Mines publica¬ 
tion R. I. 3406? A. Yes, that is the Mr. Shelton. 

Q. Well, now, after you made this study of that subject 
with Mr. Shelton, and went back to Anaconda, what did 
you do in so far as manufacture of electrolytic manganese 
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is concerned? A. I set np a research laboratory electro¬ 
lytic manganese plant. We worked at this for about fifteen 
months before coming to the conclusion that the process 
was not a commercial operation and the Anaconda Copper 
Mining Company dropped the investigation. 

Q. Dropped while you were still with the company, was 
it? A. Oh, yes, yes. 

Q. Will you describe the process that was used there in 
this work at Anaconda? A. The process that we 

37 used at Anaconda was the process as outlined by 
Mr. Shelton to me in Rolla, Missouri, and it is the 

one that is outlined in the Bureau of Mines report of in¬ 
vestigations 3406. 

Mr. Webb: Will you mark that, please, Plaintiff’s Ex¬ 
hibit No. 4? 

(Plaintiff’s Exhibit No. 4, Bureau of Mines R. I. 3406, 
was marked for identification.) 

By Mr. Webb: 

Q. Is the Bureau of Mines publication which you refer¬ 
red to as No. 3406, the one which is marked Plaintiff’s Ex¬ 
hibit No. 4? A. Yes, that is correct. 

Mr. Webb: I offer this report in evidence as Plaintiff’s 
Exhibit No. 4. That, Your Honor, was one of the refer¬ 
ences relied upon by the Patent Office. In fact, I can say 
the principal one. 

The Court: It is in this folder and in the record of the 
Patent Office. Very well. It is more legible than the photo¬ 
stat of it. 

(Plaintiff’s Exhibit No. 4 was received in evidence.) 

By Mr. Webb: 

Q. Would you state briefly just what the steps are, the 
principal steps in the purification of the solution which 
you utilized at Anaconda and which, as you stated a 

38 while ago, resulted in this abandonment of the 
project? A. The steps utilized in the purification 
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consisted of, first, oxidizing the iron; this removed the iron 
and carried down with it the arsenic that was leached 
from the ore. This solution was then filtered from the 
iron residue and was treated with xanthates according to 
the recommended Bureau of Mines procedure in R. I. 3406. 
After treatment with xanthates, the solution was filtered 
from the precipitate and was given a little sulphur dioxide 
and fed directly to the electrolytic cell. 

Q. I take it, then, there was no purification step involved 
there after the xanthate treatment? A. No, there was no 
purification step involved. 

Q. What is xanthate? A. Xanthate is a soluble sul¬ 
phide. 

Q. Was xanthate used in the process at Anaconda for 
the same purpose as the hydrogen sulphide in your process 
as described earlier? A. Yes, that is correct. 

Q. And I believe you said that the project was abandon¬ 
ed while you were still with the company? A. That is 
right. 

Q. Now, were there any others working with you on this 


electrolytic manganese project at Anaconda? A. Yes, 
39 I had assistants because we conducted the tests 
around the clock, so there would be no interruption 
of the plating. I also reported to the research director of 
the Anaconda Company, Mr. Frick, who was very inter¬ 
ested in the electrolytic manganese problems. 

Q. Wlho was Mr. Frick? A. Mr. Frick was the research 


director for the Anaconda Copper Mining Company at 
Anaconda. 

Q. Did you report to Mr. Frick with any degree of rej*u- 
larity in regard to the results that you were accomplishing? 
A. I reported to Mr. Frick daily on all phases of the re¬ 
search work. 

Q. What experience, if any, did this Mr. Frick you speak 
of have in this electrochemical field and, more specifically, 
in so far as electrolytic deposition of zinc, manganese and 
the like is concerned? A. Mr. Frick was and is considered 
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an expert in the field of electrodeposition. He was one of 
the originators of the electrolytic zinc process for the Ana¬ 
conda Copper Mining Company back oh, around the years 
of 1916,1918. He also put plants up in South America and 
also in Poland for the company. 

Q. And these daily reports that you say you made to Mr. 
Frick, did you tell him the difficulties which you 

40 were encountering? A. Mr. Frick was well aware 
of the difficulties that we were encountering at all 

times. 

Q. And did Mr. Frick make any suggestion to you as to 
how to overcome the difficulties of failure to adequately and 
propertly plate out the manganese? A. No, he made no 
worthwhile suggestions. 

Q. Did you try various expedients at that time to try to 
accomplish your purposes? A. Yes, we tried several. We 
substituted calcium sulphide for xanthates, we substituted 
beryllium sulphides for xanthates, we tried several things 
in order to be able to make the manganese plate satisfac¬ 
torily, but we were never able to do so. 

Q. During the course of the work that you did at Ana¬ 
conda, did it occur to you to utilize a ferrous sulphate or 
any other metallic salt in the purification of the solution 
after it had previously been treated with the xanthates, a 
sulphide? A. It did not. 

Q. Did Mr. Frick ever make any such suggestion to you? 
A. He did not. 

41 By Mr. Webb: 

Q. I don’t know whether you have stated this so far, 
Mr. Woodman, but over how long a period of time did 
this work at Anaconda on electrolytic manganese continue ? 
A. Approximately fifteen months. 

Q. Was Mr. Frick in charge of that work during all that 
time? A. Yes, he was in active charge. 
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Q. Now, you stated that you were with the Bureaji of 
Mines at Boulder City from about December, 1940, to De¬ 
cember, 1941, and I would like for you to describe a l|ittle 
more in detail what your duties were during that period 
and what the nature of the work was that you were doing 
while there. A. For the first few weeks, I was busy 
42 at the Salt Lake station with the design of the bilot 
plant which was going to be put into operation at 
the Boulder City station. I was also in charge of the; re¬ 
search and later design and construction of the electro¬ 
lytic manganese cells at the Boulder City station. 

Q. When you went with the Bureau of Mines at Boulder 
City, what process did they have at that time and what 
was being used? A. The Bureau of Mines at that time had 
abandoned the xanthates purification as outlined in tjheir 
report of investigations 3406, and they had substituted! for 
that the use of hydrogen sulphide. Other than that, the 
procedure was the same as far as the steps were concerned. 

Q. In other words, the process they had at that i;ime 
was the same as that in R. I. 3406 with the exception that 
they used hydrogen sulphide instead of xanthates? A. 
That is correct. 

Q. You spoke about the pilot plant which was being put 
in. What was the size of that pilot plant? A. That plant 
was designed to produce 2,000 pounds per day of electro¬ 
lytic manganese. 

Q. Who were you working under in connection with this 
work that you did at the Bureau of Mines in 1940 and 1941? 


A. I was working under Dr. Koster, who was supervising 
engineer at the Boulder City station. 

43 Q. Do you know what experience Dr. Koster had 
had in the electrodeposition of manganese? A. Dr. 
Koster was one of the originators in the Bureau of M]ines 
of the electrolytic manganese investigation. He was su¬ 
pervising engineer of the Reno station at the time the in¬ 
vestigations were made there. Mr. Shelton, who did a 
consideration amount of work, worked for Dr. Koster in 
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the Reno station. Mr. Royer also worked for Dr. Koster 
in the Reno station. 

Q. And, as I understand it, that work which was done in 
the Reno station is described in R. I. 3406? A. That is cor¬ 
rect. 

Q. Who was the chief engineer on this project at Boulder 
City? A. The chief engineer at Boulder City was Dr. Kos¬ 
ter, the chief engineer over Dr. Koster was Dr. Dean, who 
was the chief engineer of the metallurgical division, the 
Western Metallurgical Division. 

Q. To your knowledge, were those men all familiar with 
the work that was being carried on at Boulder City, and I 
refer to Dr. Dean and Dr. Koster and Mr. Royer. A. They 
were all very familiar with the work. 

Q. While you were with the Bureau of Mines, did Dr. 
Koster make any suggestion to you or to anyone else that 
you are aware of, in regard to the use of a metallic 
44 salt such as ferrous sulphate for purification of the 
leached solution subsequent to the treatment of it 
with a xanthates or a hydrogen sulphide? A. He did not. 

Q. Did Dr. Dean ever make any such suggestion to you? 
A. He did not. 

Q. Were there any other skilled technical men in this 
field associated with you in the work that you were doing 
there at Boulder City in 1940 and 1941 ? A. Yes, there were 
several men. A Mr. Crowell, a Mr. Parkman, a Mr. Hunter, 
a Mr. Jacobs, Mr. Royer, were all technical men. 

Q. And they were familiar with the work as it progressed, 
were they? A. That is correct. 

Q. Intimately associated with it? A. With the exception 
of one man, Mr. Royer, who had worked on electrolytic 
manganese before, the other men had a wide field of experi¬ 
ence but had never been in contact with electrolytic man¬ 
ganese until they started to work for the Bureau. 

Q. My question was whether or not these men, whose 
names you have given, were intimately connected with the 
work that was being carried on at Boulder City after you 
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went there? A. Yes, they were directly assigned to 

45 the work, directly assigned to the work. 

Q. Over how long a period of time was this york 
carried on in the Bureau of Mines at Boulder City aftei^ you 
went there and prior to the time that you and Mr. Rjoyer 
made the invention of the application? A. Between four 
and five months. 

Q. Now, after you made the invention covered by th^ ap¬ 
plication involved here, what did you do with regard to 
testing it and using it? A. We started investigating its 
possibilities in the research immediately, over many, njiany 
tests and w T e found that it gave us the purification and con¬ 
trol we were looking for. Therefore, we incorporate^ the 
idea into the flow sheet for the pilot plant and in November, 
1941, -when the pilot plant was started, the solutions yere 
purified using this procedure. 

Q. Now, will you please compare the results obtaped 
after you started using the Woodman and Royer invention 
with the results which you had obtained at the Bureau of 
Mines in this work prior to that time? A. The result that 
we had obtained prior to the time of the invention, as far as 
a commercial unit is concerned, was an absolute failure. 
Upon the advent of this invention, we found that we cpuld 
plate solutions satisfactorily and continuously, there- 

46 fore, it meant the difference between failure and a 
good operating plant. 

Q. In your last answer, you said, “As far as a commercial 
unit is concerned. ’ ’ What did you have in mind in thalj; re¬ 
gard? A. A commercial unit is a unit of high tonnage. It 
is a big plant, it is a plant such that you cannot have fail¬ 
ure in the purification because if you do, you will spoil all 
of the manganese that is plating in a large cell room and if 
that happens, then you must recover all the cathodes, clean 
them in acid, polish them, clean all the cells, and start again, 
and with a normal operating crew, your plant would prob¬ 
ably be down maybe from two, four, five days, and in a com¬ 
mercial operation you just cannot stand that kind of opera¬ 
tion. 
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Q. Is that the kind of operation which you had at the 
Bureau of Mines prior to the making of your invention? A. 
No. Before the invention, we could plate for a few hours at 
a time, but we never knew from one purification batch to 
another, whether the solution would plate. 

The Court: Whether it would what? 

The Witness: Whether it would plate and deposit. 

By Mr. Webb: 

Q. So that, prior to the making of your invention, you got 
these inconsistent uncertain results, I take it? A. 

47 That is correct. 

Q. And afterwards, what did you get? A. After¬ 
wards, we could plate with certainty. 

Q. And prior to the making of your invention and the 
use of it in the Bureau of Mines work, did you have a de¬ 
gree of certainty which would have been satisfactory for 
any commercial operation? A. Before? 

Q. Yes. A. No, absolutely not. 

Q. Well, now, while you were doing this work at the 
Bureau of Mines, did you at any time take a solution which 
had not been treated by your process, try to plate with it, 
and then subsequently treat it with your process to see 
whether it changed the character of the results? A. We did 
that many times. We would take the solution from the 
hydrogen sulphide precipitation and try to plate that solu¬ 
tion and it would not plate. We would give it the iron 
treatment and from there on the solution would be amen¬ 
able— 

The Court: Would be what? 

The Witness: You could plate and deposit your man¬ 
ganese from the solution very satisfactorily. 

By Mr. Webb: 

Q. You spoke about the difficulties which you would 

48 encounter if you had a process on the commercial 
scale that would stop plating from time to time. Ap¬ 
proximately how long a period of time would your plant 
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have to be down in order to enable you to rehabilitate it 
and get going again? A. Depending upon a commercial 
plant, let’s say forty tons per day of electrolytic manganese, 
I would say that your plant probably would be down at Least 
four days, maybe five days. But even at the end of that 
time, if you were not sure that your solution would plate, 
you would not be sure that you could start the plant up 
again. 

Q. Now, what, if any, etfect on current efficiencies did the 
use of your process have? A. We found that the adoption 
of this purification step gave us higher current efficiencies, 
however it must be borne in mind that the current effi¬ 
ciencies that we obtained were good; whereas, on the ether 
hand, there were so many failures that it is hard to estab¬ 
lish what a current efficiency, overall current efficiency 
would be without using the invention. 

Q. Will you explain what is meant by current efficiency 
and the significance? A. Current efficiency, to apply the 
term current efficiency is meant the amount of manganese 
that is actually deposited as against the amount of man¬ 
ganese that would theoretically be deposited. It is a term 
denoting that factor. 

49 Mr. Webb: Will the reporter please read back 
that answer? 

(The answer was read.) 

By Mr. Webb: 

Q. That is for a given quantity of current, I take it? A. 
Yes, that is for a given amount of electrical current pa.ssed 
through a solution. 

The Court: That means the proportion of efficiency? 

The Witness: Yes, you pass so much current through 
a solution, theoretically you should get so much, practi¬ 
cally you only get so much, so if you divided the theoretical 
into what you get, that gives you your percent of current 
efficiency. 
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By Mr. Webb: 

Q. The current efficiency that you are speaking about is 
the current efficiency in regard to the plating out operation, 
is it not? A. That is correct. 

Mr. Webb: I just want to point up, Your Honor, that 
this matter of current efficiency is of no consequence so far 
as the purification of the solution is concerned, but then 
you take that purified solution and use it in the electrolytic 
cell and the current efficiency is quite important, because 
if it is low, well, naturally it increases the cost. We 
50 are not referring to the efficiency of the current in 
connection with any of these purification steps which 
comprise the invention, but I am pointing this matter of 
current efficiencies out because it is one of the advantages 
which flows from the invention in addition to this extremely 
important matter of ability to continuously plate over a 
period of time. 

By Mr. Webb: 

Q. Now, Mr. Woodman, I wish you would compare the 
current efficiencies that you obtained prior to the making 
of your invention in this work at Boulder City, with the 
current efficiencies that you got afterwards, that is, after 
you adopted your invention. A. The current efficiencies 
we obtained before adopting the invention were very low, 
for the reason that we could not continuously deposit man¬ 
ganese, probably only for a few hours at a time. They 
would be in the order of nil, sometimes up to 50 percent, 
you never knew what current efficiencies you were going 
to obtain. After we started using the invention, our cur¬ 
rent efficiencies would run from an average of 50 to up to 
as high as in the 60 percents. 

Q. Over, say, a 24rhour period, approximately what cur- 
rkent efficiencies did you get? A. Over a 24-hour period, 
I would say an average of 55, 56 percent. 

52 Q. I call your attention to R. I. 3681, which I will 
ask to have marked for identification as Exhibit No. 


5 . 
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(Plaintiff’s Exhibit No. 5, Bureau of Mines R. I. 3681, 
was marked for identification.) 

By Mr. Webb: 

Q. I notice on page 22 of this publication, R. I. 3^81, a 
statement that: 

“When plating under the optimum conditions, an average 
current efficiency of 65 percent will be obtained over a 24- 
hour period.” 

Did you get such current efficiencies in your work? A. 
Yes. 

Q. And referring again t 0 this R. I. 3681, what is that? 
A. This is a Bureau of Mines report of investigation^ that 
was written by a Mr. Jacobs and myself when I wai em¬ 
ployed with the Bureau. 

Q. What, if any, relationship does this report have to the 
work that you did while you were there? A. This report 
is a report on the studies in the electrodeposition of man¬ 
ganese and outlines the work which, up to that time, had 
been accomplished in the Boulder City research department. 
And for the first time, on page 10, for the first time that I 
know, the disclosure of the iron purification following the 
sulphide purification was made. 

52 Q. And this R. I. 3681 correctly reports the work 
which you did? A. Yes, that is true. 

Mr. Webb: I offer that R. I. 3681 in evidence as Plain¬ 
tiff’s Exhibit No. 5. 

Mr. Cochran: Your Honor, there is no objection. This 
material was not offered before the Patent Office in the 
prosecution of the application. We offer no objection now, 
with the understanding that our failure to object does not 
admit any of the statements in here to be true or that it is 
pertinent to the issue. 

The Court: I will admit it. 

Mr. Cochran: We make no objection to its admission, 
with that understanding. 

The Court: Very well. It doesn’t mean necessarily that 
it is admitted as true, but it is taken in connection with 
the witness’ testimony. 


Mr. Webb: Yes, that is correct and that particular pub¬ 
lication, Your Honor, the witness has stated that is a cor¬ 
rect report of the work that was done. 

(Plaintiff’s Exhibit No. 5 was received in evidence.) 

By Mr. Webb: 

Q. Now, is this matter of current efficiency an important 
one, Mr. Woodman, in so far as operations are con- 

53 cerned; in other w T ords, is it a matter of consequence ? 
A. Yes, the current efficiency of deposition is a very 

important factor. Upon the current efficiency depends the 
number of pounds of electrolytic manganese that a plant 
will produce in a day, and certainly upon those pounds of 
manganese depends the cost of operation and maintaining 
a plant. 

Q. Well, now, was vour process adopted by the Bureau 
of Mines prior to the time you left there? A. The Bureau 
of Mines adopted this process in their pilot plant when it 
first started out in November of 1941. I was there at the 
Bureau of Mines when that pilot plant commenced opera¬ 
tions. 

Q. And, if you know, did the Bureau of Mines continue 
to utilize your process after you left there? A. Yes, I lived 
in Boulder City, Nevada, while I was working for Basic 
Magnesium and I made frequent trips over to the Boulder 
City station, and they always did use in their pilot plant this 
invention. 

Q. Did the Bureau of Mines, after your invention was 
placed in operation in the plant at Boulder City, revert at 
any time, so far as you know, to the old processes which 
were extant when you first went there? A. No, at no time 
do I know where they reverted to their old processes. 

54 Mr. Webb: Will you mark these Plaintiff’s Ex¬ 
hibits Nos. 6, 7, and 8? 

(Plaintiff’s Exhibit No. 6, First Two Years Operation of 
the Bureau of Mines Electrolytic Manganese Pilot Plant 
at Boulder City, Nevada, was marked for identification.) 
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(Plaintiff’s Exhibit No. 7, The Effect of Certain Vari¬ 
ables on the Electrodeposition of Manganese, was marked 
for identification.) 

(Plaintiff’s Exhibit No. 8, The Effect of Cell Variables 
on the Electrowinning of Manganese, was marked for 
identification.) 

By Mr. Webb: 

Q. I show you a document which has been marked Plain¬ 
tiff’s Exhibit No. 6 for Identification. Will you please tell 
us what that is, Mr. Woodman? A. This is an article writ¬ 
ten by Mr. Jacobs, Mr. Hunter, Mr. Yarroll, Mr. Church¬ 
ward and Mr. Knickerbocker, all men who worked and were 
working at the Bureau of Mines in Boulder City. The title 
is “First Two Years Operation of the Bureau of Mines 
Electrolytic Manganese Pilot Plant at Boulder City, 
Nevada.” 

55 Q. I show you a document marked Plaintiff’s Ex¬ 
hibit No. 7. Will you tell us what that is, please? 
A. This is an article written by Mr. Jacobs, Mr. Churchward, 
and Mr. Knickerbocker, again men who had and were wo rk- 
ing with the electrolytic manganese at the Boulder City sta¬ 
tion. The title of this is, “The Effect of Certain Variables 
on the Electro-deposition of Manganese.” 

Q. I show you a document marked Plaintiff’s Exhibit 
No. 8. Tell us what that is, please. A. This is an article 
written by Mr. J. H. Jacobs, who worked for and still is 
working for the Bureau of Mines at Boulder City. The 
title is, “The Effect of Cell Variables on the Electrowin¬ 
ning of Manganese.” 

Q. Does Mr. J. H. Jacobs, whose name appears on all these 
publications, is that Mr. Jacobs that you referred to a while 
ago as working on this project when you were at Boulder 
City? A. That is correct. 

Mr. Webb: Your Honor, we have a stipulation here in 
regard to the introduction of these documents in evidence, 
and the stipulation also covers R. I. 3681, which is already 
in evidence. I would like to offer that stipulation as Plain- 
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tiff's Exhibit 9, and as Plaintiff’s Exhibit Nos. 6, 7 and 8,1 
offer the documents which have been so identified. 

The Court: They will be received. 

56 (Plaintiff’s Exhibit No. 9, stipulation dated Octo¬ 
ber 18, 1950; and Plaintiff’s Exhibits Nos. 6, 7 and 

8, were received in evidence.) 

By Mr. Webb: 

Q. Now, I wish, Mr. Woodman, you would refer to Plain¬ 
tiff’s Exhibit No. 6, which relates to the first two years of 
operation of the plant at Boulder City, and tell us what that 
shows in regard to the adoption and continued use of your 
process by the Bureau of Mines in that pilot plant opera¬ 
tion at Boulder City. A. This entire article deals with the 
first two years of operation of this pilot plant, and on page 
408, column 2, the first paragraph, it states that: 

“Pilot-Plant operations were begun in November, 1941, 
and have been continuous except for brief shut-downs for 
installation of new equipment. More than one-half million 
pounds of manganese have been produced.” 

On page 409, this last paragraph shows the procedure 
for the leaching and the purification of the solutions. 

On page 410, which is a continuation of the paragraph 
on page 409, it states: 

“It was found that if 0.1 gram of iron per liter of solu¬ 
tion was added as copperas”—which is ferrous sulphate— 
“and the solution w r as oxidized with air and filtered, 

57 all of the aforementioned materials were removed. 
This was an important improvement, because it al¬ 
ways ensured a pure solution for electrolysis.” 

That statement right there deals with the invention. 

Q. Referring back to R. I. 3681, which is your own publica¬ 
tion which you mentioned earlier and which is Plaintiff’s 
Exhibit No. 5, do you find a similar statement in there as 
regards the addition of iron? A. Yes, on page 10, in the 
third paragraph a statement is made there: 

“It was found that solutions treated in this manner were 
usually satisfactory for plating. However, this purifica- 
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tion method did not provide the degree of certainty neces¬ 
sary for a commercial operation. ’’ 

That is referring to the old Bureau of Mines procedure. 
The next paragraph says: 

“After extensive experimentation it was found that if 
0.1 gram per liter of iron was added to the sulphide filtrate 
and precipitated as the hydroxide, the solution was cleared 
of all residual sulphides . . . ’ 9 

Later, it says in the same paragraph: 

58 “it has been proved by several months of labora¬ 
tory operation that this final purification step defi¬ 
nitely improves the solution for electrolysis.” 

The Court: What page are you reading there? 

The Witness: Ten, sir. 

By Mr. Webb: 

Q. Now, referring again to R. I. 3681, which is your own 
report on the Bureau of Mines 7 work at Boulder City, and 
referring to page 2 particularly, that states there, does :.t 
not, that the process was then being tested on the 1,000- 
pound pilot plant at Boulder City? A. That is correct. 

Q. And that was the fact? A. That is right. 

Q. Now, referring to Plaintiff’s Exhibit No. 7, which is 
the article entitled, “The Effect of Certain Variables on 
the Electro-deposition of Manganese,” will you please tell 
us what that shows in regard to the adoption of your proc¬ 
ess by the Bureau of Mines and its continued use in the 
plant at Boulder City? A. Yes. In the second paragraph 
on page 383, under the title, “Introduction,” it shows thdt 
more than one million pounds of manganese metal has been 
produced. And on page 384, in paragraph 3, in the fourtfi 
line from the bottom in paragraph 3, it states there th^t 
they are still using the invention. 

59 Q. The copperas that is referred to in that para¬ 
graph, is what? A. Copperas is a name given fok 

ferrous sulphate. 

Q. Now, what is the date on that publication, Mr. Wood¬ 
man? A. This was October 14, 1944. 



32 


Q. Now, will you please refer to Plaintiff’s Exhibit No. 8, 
which was entitled, “The Effect of Cell Variables on the 
Electrowinning of Manganese,” and tell us what that shows 
in regard to the adoption and continued use of your process 
by the Bureau of Mines? A. On page 440, the second 
paragraph, it shows now that 1,500,000 pounds of manga¬ 
nese metal had been produced, and in paragraph three, it 
shows that they are still using the invention in their pilot 
plant operations. 

Q. And the publication is dated what? A. October 16, 
1946. 

Q. And how long had the work been carried on by that 
time, up to that time, including the research? A. How long 
had the work— 

Q. Yes, by that I mean including the research preceding 
your invention. A. Well, the work had been carried on for 
approximately ten years total at that t'me by the Bureau 
of Mines. 

60 Q. Are you familiar with the recommendations 
which are being made to industry by the Bureau of 
Mines as to the installation of electrolytic manganese 
plants based upon the work that had been done at Boulder 
City? A. I am. 

Q. Will you please state what those recommendations 
are. A. The recommendations that the Bureau of Mines 
had made regarding a large-scale electrolytic manganese 
plant, capable of producing upwards of 40 tons a day of 
electrolytic manganese, were published in their Report of 
Investigations 3815. This report is quite complete, it gives 
the process, they have figured out the cost for the plant, 
they have also figured out the operating maintenance and 
other costs necessary for the production of 40 tons per day 
of electrolytic manganese. On page 17 of this report, it 
shows in paragraph three that they are still using the in¬ 
vention and have recommended its use in a large commer¬ 
cial operation. 

Q. What is the statement there that leads you to that 
statement, Mr. Woodman? A. “The solution, after purifi- 
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cation with hydrogen sulphide, is essentially free of metal¬ 
lic impurities, but contains colloidal sulphur and colloidal 
metallic sulphides, which are removed by the addition of 
0.152 grams of iron per liter of solution as ferrous sul¬ 
phate, followed by oxidation and precipitation as ferric 
hydroxide.” 

61 Q. In other words, their recommendation is that 
the process to be used in this 40-ton-a-day plant, 

would involve the further purification of the solution by 
means of ferrous sulphate after the sulphide treatment? 
A. That is correct. 

Mr. Webb: Will you mark this Plaintiff’s Exhibit No. 
10 ? 

(Plaintiff’s Exhibit No. 10, the Hannay Patent, was 
marked for identification.) 

By Mr. Webb: 

Q. I show you the Hannay Patent, No. 2,259,418, which 
has been marked as Plaintiff’s Exhibit No. 10. Have you 
read and are you familiar with that patent? A. I am[ 
Mr. Webb: I offer the patent, itself, in evidence, as Plhin- 
tiff’s Exhibit No. 10, Your Honor. 

The Court: I have a copy of it here. It will be received. 
(Plaintiff’s Exhibit No. 10 was received in evidence)) 
Mr. Webb: That is the other principal reference relied 
on by the Patent Office. There is that Hannay Patent and 
that R. I. 3406 which describes the early Bureau of Mines 
work. Those are the two principal things. 

Will you mark this, please? 

(Plaintiff’s Exhibit No. 11, flow diagram, Hannay Patent, 
was marked for identification.) 

62 By Mr. Webb: 

Q. Now, I show you Plaintiff’s Exhibit No. 11, will 
you tell us what that is? A. This is a flow sheet that I pre¬ 
pared to show the steps followed in the Hannay Patent. 

Mr. Webb: I offer the flow sheet in evidence as Plaintiff’s 
Exhibit No. 11, and I also offer as Plaintiff’s Exhibit No. 12, 
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an enlargement of that flow sheet. It is a little easier to 
read and possibly both the Court and the witness will pre¬ 
fer to look at it rather than the smaller sheet. 

The Court: They will be received. 

(Plaintiff’s Exhibit No. 11, and Plaintiff’s Exhibit No. 
12, an enlargement of Exhibit No. 11, were received in evi¬ 
dence.) 

By Mr. Webb: 

Q. Now, Mr. Woodman, will you please describe for the 
Court the disclosure of the Hannay Patent? A. Starting 
with the leaching step, No. 3, sulphuric acid from the elec¬ 
trolytic cell immediately above it is mixed with ore in the 
leaching step No. 3. Here, the sulphuric acid leaches out 
the manganese and other impurities such as cobalt, nickel, 
arsenic, and iron. 

After the leaching step, Hannay proposes to filter or re¬ 
move the solution from the residue and he says re- 
63 move the iron by standard methods, which is either 
by oxidation with air or with manganese dioxide. 
In removing the iron, he also removes the arsenic. 

The Court: The what? 

The Witness: He also removes the arsenic, because when 
you remove the iron and you oxidize it in a manganese sul¬ 
phate solution, you will also remove the arsenic. The solu¬ 
tion from Step 4 is passed to Step 5, where it is treated 
with hydrogen sulphide for the precipitation of metallic im¬ 
purities. He proposes to separate the solution and the sul¬ 
phide precipitate by some method of filtering. 

He next takes the solution to Step 6 which is a crystaliza- 
tion step. Here, he proposes to crystallize out by heating 
the solution to from 80 to 102 degrees centigrade, he pro¬ 
poses to crystallize out manganese sulphate crystals. These 
crystals then are to be separated from the mother liquor 
and are to be mixed with solution from the cathode com¬ 
partment of these electrolytic manganese cells. After the 
mixing and solution of the crystals, the solution is sup- 
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posed to be fed back to the cathode compartment of the 
cell. He shows at Step 6 where he takes the mother liquor 
from the crystallization step and he states that impurities, 
if you want to get rid of impurities, you may have to pass 
all of that solution back again through Step 5 in order to 
hold down the amount of impurities going to the electro¬ 
lytic cell. 

64 The crystallization Step 6, according to Hannay, 
is a further purification of solution. It is interesting 

to note that Hannay recognized a further purification after 
the sulphide treatment, Step 5, was necessary before the 
solution was passed to an electrolytic cell. However, ihe 
amount of equipment, the hundreds of tons of solution 
necessary, the amount of heat that would be necessary to 
heat the solution, it would be necessary to cool it back again, 
appears to make this process an uneconomical process to 
use in a commercial operation, and it has not been adopted 
in a commercial operation. 

Q. In other words, the Hannay process has not gone into 
commercial use? A. It has not. 

Q. You spoke about the fact that you would have to heat 
up large quantities of the solution if you were going to 
attempt to utilize a crystallization step such as that used 
by Hannay for further purification. Approximately how 
much liquid would you have to heat up and cool down per 
day in a plant, say the size of this 40-ton plant that y ou 
spoke of earlier, which was recommended by the Bureau of 
Mines? A. It would be necessary to heat in the neighbor¬ 
hood of several hundreds of tons of solution a day from his 
figure of 27 degrees centigrade up to 102 degrees centi¬ 
grade. 

Now, according to his procedure, it would be neces- 

65 sary to pass that solution back to the purification 
step, therefore, he would have to cool that solution 

down because he states his purification must be made ccjld. 
And what he would be doing would be recycling a tremen¬ 
dous amount of solution, so he probably would be heating 


and cooling up to perhaps a thousand tons of solution a day 
for the production of, say, 40 tons of electrolytic manga¬ 
nese. 

Q. Would you consider those things as rendering the 
Hannay process commercially impracticable? A. I would 
say it would add tremendously to the cost of operating a 
plant. 

Q. Now, will you please tell us the essential differences 
between your process and the Hannay process? A. The 
essential difference between Hannay’s process and my pro¬ 
cess is in Step 6. Here, Hannay uses the crystalization 
step following the sulphide purification. We use the addi¬ 
tion of copper sulphate at this point. 

Q. Does Hannay disclose the step of treating the solu¬ 
tion with a metallic salt, such as ferrous sulphate, after 
treatment of the solution with hydrogen sulphide, as in the 
fifth item on the chart? A. He does not. 

Q. Now, will you contrast this crystallization step of 
Hannay’s with the type of purifying treatment which you 
utilized following the hydrogen sulphide treatment 
65 in your process? A. You want a comparison, is that 
right ? 

Q. Yes. 

The Court: I think that would probably take some little 
time. I think we had better take it up tomorrow morning. 

How much longer do you think it will take to dispose of 
this case? 

Mr. Webb: I think, Your Honor, that we can finish in the 
morning. 

The Court : Very well. Then I will take it up tomorrow 
morning again at 10:15. I have a little matter to dispose of 
first, I don’t think it will take that long. 

Mr. Webb: Thank you, Your Honor. Before we adjourn, 
may I just ask Mr. Woodman a point in order to correct 
what I believe was a slip? He used the term “copper sul¬ 
phate” in one of his previous answers when he referred 
to the treatment following the sulphide treatment. 



Did you mean by that “copperas”? 

The Witness: Copperas ferrous sulphate. 

Mr. Webb: Thank you, I thought that was what wa^ 
meant. 

(Thereupon, at 4:00 o’clock p.m., the trial was adjourned), 
to reconvene at 10:15 o’clock a.m., Friday, October 20, 
1950.) 

67 IN THE UNITED STATES DISTRICT COURT 

FOB THE DISTRICT OF COLUMBIA 

Civil Action No. 3977-48. 

Vanadium Corporation of America, Plaintiff, 

v. 

John A. Marzall, Commissioner of Patents, Defendant. 

Washington, D. C. 
October 20, 1950. 

The above-entitled action came on for further trial oi 
the merits before the Hon. Jennings Bailey, United States 
District Court Judge, at 10:15 o’clock a.m. 

Appearances: 

On behalf of the Plaintiff: 

William H. Webb, Esq., 

Bruce G. Mackey, Esq., and 
Donald A. Gardiner, Esq. 

On behalf of the Defendant: 

S. William Cochran, Esq. 

68 PROCEEDINGS 

Deputy Court Clerk: Vanadium Corporation of America 
v. Marzall. 

Mr. Webb: Mr. Woodman, will you resume the stand \ 
Thereupon —Frank W. Woodman, the plaintiff, called as 
a witness in his own behalf, having been previously duly 
sworn, was examined and testified further as follows: 


38 


Direct Examination (Resumed) 

By Mr. Webb: 

Q. At the conclusion of yesterday’s session, we were talk¬ 
ing about the Hannay patent, and I believe, Mr. Wood¬ 
man, you stated that Hannay does not disclose the step of 
treating the solution with a metallic salt after treatment 
of the solution with hydrogen sulphide, is that correct? A. 
That is correct, he does not. 

Q. You mentioned this Hannay crystallization step, and 
I would like now for you to very briefly contrast that Han¬ 
nay crystallization step with the ferrous sulphate purifica¬ 
tion step of your process. A. Hannay, in his crystallization 
step, proposes to purify his solutions by crystallization. 

The Court: What is the number of that, No. 3? 

The Witness: Step 3 in the Column 1 of Exhibit 17. 
69 The Court: Very well. 

The Witness: As I explained yesterday, this step 
would be a very expensive step in any commercial opera¬ 
tion. As contrasted to Step 3 of Exhibit 17 in our inven¬ 
tion, we add iron after the sulphide purification. This is 
a very effective and a very economical operation, and it has 
been put to use in a large-scale operation. 

Mr. Webb: Will you mark this, please? 

(Plaintiff’s Exhibit No. 13, Flow Diagram, R. I. 3406; 
and Plaintiff’s Exhibit No. 14, an enlargement of No. 13, 
were marked for identification.) 

By Mr. Webb: 

Q. I show you a chart which has been marked Plaintiff’s 
Exhibit No. 13. Will you tell us what that is? A. That 
chart is one that I prepared showing the flow and the pro¬ 
cedure used by the Bureau of Mines in their Report of In¬ 
vestigations 3406. 

Mr. Webb: I offer in evidence as Plaintiff’s Exhibit No. 
13, the flow sheet just identified by the witness, and as 
Plaintiff’s Exhibit No. 14, the enlargement of that. I 
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might say, Your Honor, that in the center column on the 
comparative chart Exhibit 17, you find similar ste|ps to 
those which are shown on this chart which relate solely to 
3406. 

The Court: They will be received. 

(Plaintiff’s Exhibits Nos. 13 and 14 were received iji evi¬ 
dence.) 

70 By Mr. Webb: 

Q. Now, referring to the chart, will you please state what 
the steps are which are disclosed in the R. I. 3406 publica¬ 
tion? 

The Court: Didn’t we go over this yesterday? 

Mr. Webb: No, Your Honor. We didn’t go over R. I. 
3406, which is one of the principal references relied upon 
by the Examiner. I went over it in my opening statement. 

The Court: Well, maybe that is where I recall it. 

Mr. Webb: That may be it. 

The Court: Very well. 

The Witness: No. 1 is shown as a Calcine Storage. That 
is the ore which has been reduced and has now heed pre¬ 
pared for the leaching step, No. 2. Sulphuric acid is Ridded 
to the ore in Step No. 2 in order to leach out the manganese 
from the ore. In so doing, other impurities such as the 
sulphates of iron, arsenic, copper, nickel, and so forth, are 
leached along with the manganese. This solution is filtered 
from the ore residue in Step 3. The ore residue in Step 4 
is discarded as worthless. 

In Step 5, iron is added to the solution. In the Bureau 
of Mines flow sheet, they added a small amount of iron 
when the iron in the solution was not sufficient to carry 
down the arsenic leached from the ore. The iron, arsenic, 
copper, nickel, are all present in the solution as 

71 sulphates. When the iron is precipitated, it carries 
down with it the arsenic. This step, however, does 

not precipitate the copper or nickel, because they are {pres¬ 
ent in the solution as sulphates and as such the iron will 
have no effect on them. 


The iron and arsenic are filtered from the solution in 
Step 6 and they are discarded in Step 7 because the precipi¬ 
tate is worthless. 

The solution in Step 8 is treated with xanthate, xanthate 
is a soluble sulphide. The filtrate is treated with xanthate 
in order to convert the sulphates of nickel, copper, and so 
forth, into the sulphide form. In this form, they precipi¬ 
tate and are removed from solution in filter No. 9. How¬ 
ever, some of those sulphides still remain in solution and 
are carried through the filter No. 9. 

The solution from the filter No. 9 goes to the purified 
storage, No. 11, where sulphur dioxide is added to the solu¬ 
tion. 

The solution then is fed to the manganese electrolytic cell, 
No. 12, and here current again is passed through the solu¬ 
tion contained between two electrodes and manganese metal 
being deposited on the cathode. 

By Mr. Webb: 

Q. Now, there has been some suggestion in the 
72 Patent Office answer, that if you were to further 
treat, after Step 5 of this chart, with ferrous sul¬ 
phate and further filter the solution in the condition that 
it is in in that Step 5 there and before the sulphide treat¬ 
ment, that you would accomplish the purpose of your in¬ 
vention. If you were to repeat that ferrous sulphate treat¬ 
ment, would you please tell us whether you would or would 
not accomplish the thing which you stated yesterday that 
you accomplished, namely, the removal of this copper, 
nickel, cobalt impurities? A. More iron could be added to 
Step 5, in fact, you could add as much iron as you wanted 
to at that step and it would, in no way, remove the copper 
or the nickel or any of the sulphides. You are adding iron 
at that step to a solution which is composed of the sulphates, 
and iron added to a solution containing nickel and cobalt 
sulphates will have no effect whatsoever upon those sul¬ 
phates. 
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Q. Now, will you please state the essential difference 
between the process of R. I. 3406 and your own process? A. 
In R. I. 3406, the essential difference is that we add iron 
after the sulphide treatment. The Bureau of Mines does 
not add iron after the sulphide treatment and that is the 
essential point in the whole invention. 

Q. Well, now, referring first to the Hannay patent wljiich 
you have discussed and the Bureau of Mines R. I. 3406L do 
you find in either one of those any suggestion which 

73 would lead you, as one skilled in this art, to adq on 
to the processes disclosed there a ferrous sulphat^ or 

other salt purification treatment after the filtrate has l}een 
treated with hydrogen sulphide or xanthate or some o|her 
soluble sulphide? A. Absolutely not. They do not stow 
that step. 

Q. Referring again to Hannay and the Bureau of Mines 
publication R. I. 3406, do you find any suggestion in either 
of those that would lead you, as one skilled in the art, to 
add on that ferrous sulphate treatment to Hannay’s proc¬ 
ess, either before or after the re-crystallization step? A. 
No, there is nothing in either the patent or the Report of 
Investigations that would indicate that you could use iron 
after the sulphide treatment. 

Mr. Webb: Will you mark this, please? 

(Plaintiff’s Exhibit No. 15, the Jacobson Patent, was 
marked for identification.) 

The Court: Xanthate is a sulphide ? 

The Witness: Yes, it is, it is a soluble sulphide. It is 
used a great deal in flotation work of ores. But it ls a 
soluble sulphide and if you put it in a solution, it will go in 
a solution and will precipitate as sulphides any of the 
metals there which will form sulphides. 

By Mr. Webb: 

Q. I show you the Jacobson Patent, No. 1,137,005, 

74 which has been marked Plaintiff’s Exhibit No. 15. 


Have you read and are you familiar with that patent? 
A. Yes, I am familiar with that patent. 

Mr. Webb: I offer it in evidence as Plaintiff’s Exhibit 
No. 15. 

The Court: It will be received. 

(Plaintiff’s Exhibit No. 15 was received in evidence.) 

By Mr. Webb: 

Q. Will you please tell us briefly what that patent re¬ 
lates to? A. This is a patent for a coagulant for water 
purification and the process for making same. It concerns 
a reagent form of aluminum sulphate and iron sulphate. Its 
sole purpose is to remove suspended matter from water, 
particles which are not in solution but are actually sus¬ 
pended in the water. 

Q. Does that patent relate to or in any way describe any 
process for purifying manganese solutions? A. It does not. 

Mr. Webb: That patent, Your Honor, was used by the 
Examiner in combination with one of the others and the 
Board of Appeals’ decision said, “We don’t think that is 
a proper combination at all.” 

The Court: I understood the Board of Appeals 
75 disregarded this entirely. 

Mr. Webb: That is correct, Your Honor. I think 
we don’t need to dwell on it. 

The Examiner also referred to a Prescott and Johnson 
article, which I would like to offer in evidence as Plaintiff’s 
Exhibit No. 16. 

(Plaintiff’s Exhibit No. 16, an article by Prescott and 
Johnson, was marked for identification.) 

By Mr. Webb: 

Q. Do you have a copy of the article, Mr. Woodman? A. 
Yes, I have one here. 

Q. You have read and are familiar with that article? A. 
Yes. 
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Mr. Webb: I offer it as Plaintiff’s Exhibit No. 16. 

The Court: It will be received. 

(Plaintiff’s Exhibit No. 16 was received in evidence.) 

By Mr. Webb: 

Q. What does that article relate to? A. This article re¬ 
lates to the precipitation or formation of arsenic sulphide 
when solutions containing arsenic are treated with hydro¬ 
gen sulphide. 

Q. Do you find anything in the article in regard to the 
purification of manganese solutions? A. I do not. 

76 Q. Do you find in the article anything that would 
lead you, as one skilled in the art, to the use of the 

steps which you have described as being typical in your 
process? A. I do not. 

Q. Now, the Examiner in his statement filed with the 
Board, and the Board of Appeals in its decision, held l;hat 
if a manganese solution to be purified initially contained 
insufficient iron to effect proper precipitation of impuri¬ 
ties, more iron could be added without invention. As a nat¬ 
ter of fact, what would happen if more iron were added 
initially as suggested? A. That is in the first step? 

Q. Yes. A. If more iron were to be added in the first 
step, it would not help to purify the solutions from nickel, 
cobalt, and such metals. It would merely be an additional 
agent, and would have no effect whatsoever upon tl|iose 
metals that we are trying to eliminate. 

Q. Why? A. Because you are adding iron to a sulphate 
solution where all of the metals are present as sulphates, 
and as such, iron will have no effect upon the cobalt and 
nickel; whereas, if the iron is added to a solution which 
has been sulphided, then the iron will react and will remove 
those sulphides from the solution. 

77 Q. In other words, you have to, as I understand 
it, you have to effect this conversion from the sul¬ 
phate form to the sulphide form before the ferrous sul¬ 
phate treatment will be effective to remove the impurities 
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that you have described? A. That is correct, that is the 
critical part in the entire invention. 

Q. Now, the Patent Office Board of Appeals in its deci¬ 
sion dated September 28, 1948, page 2, held that the cur¬ 
rent efficiencies obtained according to your method as given 
in Table 3 on page 8 of the specification are generally on 
the order of those obtained by Hannay. Will you please 
comment on that from the standpoint of its accuracy and 
correctness? A. No, they are wrong in that statement, for 
this reason: that the efficiencies as given in our invention 
are efficiencies over a period of hours of plating, 48 hours 
of plating; whereas, in Hannay, he merely states that he 
gets about 50 per cent efficiency but does not state any time 
of deposition whatsoever; whereas, in our invention, we 
claim we have efficiencies far greater than that. 

Q. Referring to Table 3 more specifically, which appears 
on page 8 of your specifications, what are the current effi¬ 
ciencies that are set forth there? A. The current 
78 efficiencies as set forth in this table for four in¬ 
dividual tests are as follows: 54.2%, 51.95%, 
55.51%, and 63.06%. 

Q. And those were obtained over how long a deposition 
period? A. Over a period of 48 hours of deposition. 

Q. And I believe you said yesterday that you got cur¬ 
rent efficiencies over like periods and longer periods, even 
up to 65%, possibly higher than that. A. That is correct. 

Q. That is shown in your report that was prepared back 
in 1943 on this work? A. That is right. 

Q. Now, on page 2 of the Board of Appeals’ decision, 
the Board held also that the higher current efficiencies of 
63.06, which is given in Table 3 for Test 4 in your applica¬ 
tion, was due to an increase in voltage and current densi¬ 
ties and not to the method of purifying the solutions, and 
in that connection the Board also held that solutions 3 and 
4 set forth there were identical. Will you please comment 
on those holdings from the standpoint of their factual ac- 
accuracy or inaccuracy? A. The Board was in error in 
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that statement. The current densities as listed in Table 3 
on page 8 are essentially the same for all practical pur¬ 
poses. The voltage as shown is approximately the same and 
has no effect whatsoever upon the current efficiencies. 

79 The thing that the Board overlooked, apparently, in 
making that statement was the fact that in Tes;t No. 

4 the ammonium sulphate concentration was 125 granjs per 
liter. In Test No. 3, the ammonium sulphate was 149 chains 
per liter, and in Test No. 1 it was 174 grams per liter and 
in Test No. 2 it was 196 grams per liter. 

At the time these tests were being made, we wer^ also 
conducting tests to determine the efficiency of operation 
with varying ammonium sulphate concentrations, and the 
Board overlooked the fact that the ammonium sulphat^ con¬ 
centrations in these tests were the ones that were Varied 
and not the current density or the voltage. The ammonium 
sulphate concentration is of absolutely no effect whatso¬ 
ever upon our invention, it works as well with a lower am¬ 
monium sulphate as with a high ammonium sulphate,, 

Q. Then, I understand your statement that the Board in 
that conclusion was wrong in two respects: First, in hold¬ 
ing that solutions 3 and 4 were identical, is that right? A. 
They are not identical. 

Q. And the Board was also wrong, I gather from your 
testimony, in holding that the difference was due to tie dif¬ 
ferences in voltage and current density. A. The differ¬ 
ences are not due to voltage and current density. 

Q. There is one thing I probably should have asked you 
yesterday in regard to the importance of this metal, 

80 manganese, that we are talking about. We have dis¬ 
cussed it without saying anything regarding ins im¬ 
portance or lack of importance in the nation’s economV, and 
I would like to ask you whether or not it is a material which 
is of some consequence. A. Manganese is one of the most 
important metals that we have in the country, or actually 
what we need in the country. There is not a pound o^ steel 
made that does not contain some manganese. It is tssen- 
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tial for the manufacture of steel; also, other high-grade 
alloys. 

Q. Approximately how much is there in steel? A. That 
will vary, it will vary from .01 per cent, .05 per cent, maybe 
up to .2 per cent or .3 per cent, it depends upon the type 
of steel that you are making. 

The Court: Any more used in steel used for armor, that 
is, tanks or ships? 

The Witness: Manganese steel, yes. Manganese steel 
is used a great deal also where you have to have hard work 
surfaces like maybe the jaws of a crusher that is crushing 
ore, it seems to impart a property to steel that makes it 
tough and will resist abrasion. 

By Mr. Webb: 

Q. And in some of these higher alloy steels, how much 
manganese, approximately, do you have; in other words, 
what is approximately the top number that you run 
81 into in regular practice? A. In various steels, it 
will amount to several per cent. 

Q. Run up to 10 per cent, 12 per cent, is that what you 
mean, 15 per cent? A. That is right, it will vary 15 per cent 
to 12 per cent, depending upon the type of steel that you 
want. 

Mr. Webb: Now, I mentioned, Your Honor, yesterday 
that the pleadings showed that a right had been granted to 
the Government under the invention. I just want to ask 
Mr. Woodman a question or two about that. 

By Mr. Webb: 

Q. Did you, yourself, and Mr. Royer grant to the United 
States Government a license under your invention? A. 
Yes, we granted to the United States Government a roy¬ 
alty-free license at the time. 

Q. And under that license, I take it the Government is 
protected in regard to its requirement of manganese made 
under your process and irrespective of by whom made ? A. 
That is correct. 



Mr. Webb: Will you mark this, please? 

(Plaintiff’s Exhibit No. 17, comparison chart, was marked 
for identification.) 

By Mr. Webb: 

Q. I show you Plaintiff’s Exhibit No. 17. Will you 
82 tell us what that is? A. That is a chart that I pre¬ 
pared in order to show the steps involved in the Han- 
nay process, the Bureau of Mines’ process as in R. I. 3&06, 
and those involved in our invention. 

Mr. Webb: I offer this chart in evidence as Plaintiff’s 
Exhibit No. 17. 

The Court: It will be received. 

(Plaintiff’s Exhibit No. 17 was received in evidence.) 

Mr. Webb: I also offer as Plaintiff’s Exhibit No. 18 the 
enlarged chart which I believe Your Honor has. 

The Court: It will be received. 

(Plaintiff’s Exhibit No. 18, an enlargement of Exljiibit 
No. 17, was received in evidence.) 

By Mr. Webb: 

I 

Q. Now, referring to that chart, Mr. Woodman, as l| 
derstand, it shows the principal steps which are invojl 
in those three processes, is that correct? A. That is cor 

Q. Now, referring to the first two steps in each of 
processes, are they substantially the same? A. The 
two steps in all three of the processes are essential^ 
same. 

Q. Well, now, referring to Step 3, as shown in that elf 
is that step as shown for the Woodman, et al., in 
82 tion as shown there, the step which you have 
ferred to as the ferrous sulphate or iron treat 
which follows the hydrogen sulphide treatment? A. t 
sorry, I didn’t get the question. 

Q. My question is merely this: Is Step 3 as illustr 
here in the right-hand column, the step which you 
referred to heretofore as being the ferrous sulphate 
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ment step which comes after the hydrogen sulphide treat¬ 
ment step ? A. That is correct. 

Q. In other words, just to point np the matter, it is the 
second and third steps in the sequence which is set forth 
in the chart which are, I believe, as you put it earlier, criti¬ 
cal in your process? A. The sequence of those steps is the 
critical part of the invention. 

Q. Is there any step even comparable to Step 3 of your 
process in the Bureau of Mines’ R. I. 3406 process? A. No. 

Q. Is this third step of your process, as shown on the 
chart here, disclosed in or suggested by Hannay? A. It is 
not. 

Q. Now, in your testimony, you have emphasized the fact 
that your ferrous sulphate treatment follows after a hydro¬ 
gen sulphide treatment of the solution. Is that a matter 
of importance that that step follow after the hydro- 
84 gen sulphide treatment? A. Yes, that is the impor¬ 
tant step, it is the critical step in the process. 

Q. Yesterday, the Solicitor for the Patent Office stated 
that in such processes as we are talking about here, the se¬ 
quence of steps may or may not be important. What are 
the facts in regard to the importance of the proper se¬ 
quence of steps in your process ? A. The sequence of these 
steps is very important. They are the critical part of the 
entire purification program. 

Q. Now, the suggestion has been made by the Patent 
Office that if you do not get all of the arsenic out in the 
first step of these processes, it would not constitute an 
invention to treat the solution again to take it out. If you 
were to treat the solution again with ferrous sulphate as 
suggested prior to Step 2, as shown on the chart, would you 
accomplish the removal of the impurities removed by your 
process? A. No, you would not remove the impurities that 
we remove by following the sulphide purification. 

Q. Now, yesterday the Solicitor for the Patent Office also 
stated that R. I. 3406 is not limited to any particular se¬ 
quence of steps. I wish you would refer to that article 
which is in evidence here as Plaintiff’s Exhibit No. 4, and 
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particularly to the flow chart opposite page 6 ari|d 

85 tell us what it shows in regard to the sequential 
steps. A. The Bureau of Mines in their Report <jf 

Investigations 3406, very definitely sets out their procedure 
for the purification of the solutions. 

Q. And the sequence is iron and oxygen treatment tjo 
remove arsenic before the hydrogen sulphide treatment? 
A. That is correct. 

Q. I want you to refer also to page 8 of R. I. 3406, which 
describes the purification procedure, and more particularly, 
the part down near the bottom of the page which says: 

* ‘The solution from the filter flowed into a second lead- 
lined tank and was treated with a mixture of 0.3 gram pel’ 
liter of sodium ethyl xanthate and 0.2 gram per liter of 
potassium pentasol xanthate. The solution was stirred b^ 
hand to obtain complete dissolution of the reagents, and six 
hours was allowed for complete reaction of the xanthate to 
precipitate cobalt and nickel.” 

In addition, I think you might refer to the immediately 
preceding sentence or so, that is, the sentence or so pre¬ 
ceding what I just read, and tell us what that says specifi¬ 
cally in regard to the sequence of steps. A. The sequence 
as outlined by the Bureau of Mines says, first, treat the 
solution obtained from the ore with iron in order to re¬ 
move the arsenic, and if not enough iron is leached 

86 from the ore, add enough iron to be sure that the 
arsenic is removed. 

The second step in their flow sheet says that they add 
Xanthates to precipitate the copper and the cobalt as the 
sulphides. 

Q. Is there any suggestion there that you can alter that 
sequence of steps? A. They make no suggestion about al¬ 
tering that sequence of operation. 

Q. Is there any suggestion there of a ferrous sulphate 
purification treatment after a soluble sulphide treatment? 
A. There is no suggestion made to that effect. 

Q. In any of this work of the Bureau of Mines as reported 
in R. I. 3406, or in the work done by you with the Anaconda 
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Company which I believe you stated was based upon R. I. 
3406, or in any of the work done or the literature published 
prior to your invention, was there any suggestion at all of 
using a ferrous sulphate treatment after a hydrogen sul¬ 
phide or xanthate or other soluble sulphide treatment? A. 
To my knowledge there has never been any suggestion by 
the Bureau of Mines, or men in the Anaconda organization, 
or to my knowledge anything published in the literature 
which would indicate that ferrous sulphate should be used 
after a sulphide treatment. 

Mr. Webb: You may cross-examine. 

87 Cross-Examination 

By Mr. Cochran: 

Q. Mr. Woodman, referring now to the Hannay patent, 
Hannay et al. patent, that shows all the steps in your proc¬ 
ess claims except the final step of adding metallic sulphate, 
the Hannay patent shows all the steps leading up to this 
final step of adding the metallic sulphate? A. Leading up 
to the final step, that is right. 

Q. And the Bureau of Mines publication No. 3406 does 
show the addition of ferrous sulphate to a manganese sul¬ 
phate solution in order to remove an impurity? A. In order 
to remove arsenic. 

The Court: To remove what? 

The Witness: Arsenic. 

By Mr. Cochran: 

Q. Then, considered individually and in no particular se¬ 
quence, we can then say that all of the steps of your process 
are old in the prior art? A. Abscolutely not. 

Q. The steps now considered not in any particular se¬ 
quence and not in any particular combination, but consid¬ 
ered individually, are old? A. No, absolutely not. 

Q. Well, we have established that the Hannay patent 
shows the preliminary purification up to this final 

88 ferrous sulphate addition? A. Yes, it shows ferrous 
sulphate addition at the start. 



51 




Q. And, we have established that the Bureau of Min^s 
publication 3406 shows ferrous sulphate addition to man¬ 
ganese sulphate solution? A. At the start, the same as vfe 
do. All three are identical at that stage. 

Q. Then, we can say that, not considering the sequence 
of the operation, the steps individually are old in the art? 
A. I might explain that. The step that you are talkidg 
about which is the addition of iron to a manganous sulphate 
solution, or the addition of iron to a zinc sulphate solutidn 
in the electrolytic industry for the sole purpose of taking 
out arsenic, is old. Hannay used an old process there, the 
Bureau of Mines used an old process, we used an old pro > 
ess as the first step, and it is for the purpose of the removal 
of arsenic, that has been known to the industry, oh, since 
maybe 1916 or 1918. But that step is made to a solution 
which contains sulphates and its sole purpose is the removal 
of arsenic, it is not capable of removing anything else at 
that stage. But it is an old process for the removal of 
arsenic, but in our process where we add iron again we are 
not concerned with the removal of arsenic. We have ac¬ 
complished that in the first step, therefore, arsenic is of no 
concern to us in our Step No. 3. 

89 Q. That is the point that I wanted you to make, the 
fact that it is for a different purpose. It is the same 
step but for a different purpose and in a different sequence 
of operations. A. We are using iron in the third step for a 
totally different purpose, a completely and totally different 
purpose, a reagent which is supposed to and will perform 
a different chemical function entirely than Hannay or any¬ 
one else does in the first step. 

Q. Now, I would like to take you back, if I can, to your 
state of mind at the time that you conceived your process 
just prior to that. You then were faced with this solution 
which had been subjected to a number of purifying opera¬ 
tions, but still it didn’t plate. Your problem was to treat 
it so that it would plate. That is correct, isn’t it? A. That 
is correct. We were faced with a pilot plant, a large-scale 
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operation which was going to start in a very few weeks. 
We had used the Bureau of Mines’ process, and had aban¬ 
doned the xanthrate treatment as being unsatisfactory. 
The Bureau of Mines had converted at that time to the use 
of hydrogen sulphide instead of xanthrate and the process 
still would not work on a commercial basis. Therefore, 
we were faced with trying in a few weeks to start a plant 
with a process that would not work commercially. 

Q. Did you know what the impurities were in this 

90 material which were inhibiting the plating? A. No, 
we did not know that. It must be realized that a 

laboratory, in order to detect impurities, very minute im¬ 
purities, it is nearly impossible sometimes for a laboratory 
to find out all of the elements that are in a solution. Yet, 
an electolytic cell is so sensitive, so sensitive to impurities, 
even impurities that the laboratory themselves cannot de¬ 
tect, that it will ruin deposition, it will ruin deposition en¬ 
tirely. We did not know at that time everything that was 
causing our trouble. 

Q. But you did suspicion that it was colloidal matter or 
traces of sulphides not removed by the preceding opera¬ 
tions, you suspicioned that? A. We suspicioned that there 
was something, we knew, shall we say, not suspicioned, we 
knew something was coming through that was harmful, but 
we certainly had no idea what it was. 

Q. You had some reason to believe that there might be 
arsenic in there, didn’t you? A. I had no reason, in fact, the 
fact of the matter is all through the years of electrolytic 
zinc plant operations and all, the first step where we add 
ferrous sulphate to remove arsenic has always proven very 
successful. We had no reason to believe it was arsenic. 
In fact, arsenic was the farthest thing from our minds. 

Q. You were familiar with the material stated in 

91 the Prescott and Johnson book to the effect that 
hydrogen sulphide treatment would not necessarily 

remove all the arsenic? A. According to that article, on 
certain solutions performed in certain ways, not according 
to the way that we worked our sulphide purification, it may 
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be possible that arsenic might not be precipitated by the 
sulphide treatment. But here is the point, we removed 
arsenic thoroughly before the sulphide treatment, there¬ 
fore, the article in Prescott and Johnson has no sigaifi- 
cance to our invention. 

Q. As a matter of fact, the evidence presented here shows 
that the first iron treatment did not remove all the arsenic, 
doesn’t it? A. I don’t know of any such evidence. 

Q. I would like to refer you to Plaintiff’s Exhibit No. 6, 
“The First Two Years’ Operation of the Bureau of Mines 
Electrolytic Manganese Pilot Plant,” page 412, the second 
column, the second paragraph. I wonder if you would 
read the first three sentences. A. Let me see if I am correct. 

Q. It starts, “Although the solution—” A. “Although 
the solution is now free of metallic impurities, it contains 
colloidal sulphur, colloidal metallic sulphides and organic 
matter that is introduced with the ammonium sulphate. 

These materials are removed by adding copperas 
92 and oxidizing the iron with air. The iron precipi¬ 
tates as ferric hydroxide; this precipitate absorbs 
the sulphur and colloids and also removes any residual 
arsenic and molybdenum that were not precipitated by hy¬ 
drogen sulphide.” 

Q. Does that step that is referred to of adding copperas, 
is that the step, the final step in your process? A. I believe 
it is, but I would have to go back and check for sure before 
I make that statement. But I believe that is correct, that 
that addition of iron at that step is the one where we have 
the invention. 

Q. And it does state that it removes arsenic? A. It says 
it also removes any residual arsenic. You don’t know 
whether there is arsenic there or not. It says any residual 
arsenic. It does not come out and say that it removes ar¬ 
senic in that step. 

Q. As a matter of fact, you know just as much about ar¬ 
senic being in there, or you knew at the time you filed this 
application, as you knew of any of these other impurities, 
didn’t you? A. No, because the iron purification as out- 
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lined in Step 1 of both or all three processes, removed the 
arsenic satisfactorily. And it had been proven through 
years of experience in other zinc work that it did. Now, 
may I refer you to one thing on what you are quoting 

93 here in this? 

Q. Yes, go ahead. A. Could I show this to the 

Court? 

The Court: Yes. 

The Witness: And I will show you why they make that 
statement in this article. They take the leach solution from 
the calcine, since our invention the Bureau of Mines has 
done this, they have and recommend now that they elim¬ 
inate Step 1 as shown on the Bureau of Mines report 3406. 
Now, then, they go directly to a hydrogen sulphide purifica¬ 
tion as noted right here (indicating). Here is where your 
solution comes off the leach tanks, it goes to a thickener 
and the overflow from the thickener goes directly to the 
hydrogen sulphide purification, so they eliminate entirely 
Step No. 1. 

Now, after Step No. 1, the hydrogen sulphide purification, 
then they add our invention which is to add iron to the sul¬ 
phide purification solution. Now, they have let your arsenic 
come on through and they have caught some of it in the sul¬ 
phide purification, but they have found if they use our in¬ 
vention that they can eliminate this first step. That is why 
the statement is made and the one you had me read, right 
over here (indicating), that in the event a little arsenic 
comes through, don’t worry, because the iron treatment 
after sulphide purification will take it. 

In other words, what they have done is actually 

94 find that this invention of ours eliminates the neces- 
ity of their first step and where we add our iron, it 

not only accomplishes the purpose of removing the sul¬ 
phides from the solution, but if they do let a little arsenic 
slip through, it doesn’t hurt them. Therefore, our inven¬ 
tion has actually improved the process. 

Do you see what I am getting at? 

Mr. Cochran: Yes, exactly. 
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The Witness: In other words, we are quoting from here 
now, understand, and your article that you read in here is 
totally different than what we are discussing with Hannay 
or 3406. But they are still using our process for the pur¬ 
pose it was invented for, but they now still rely on it to take 
out arsenic, where we did not. But it will still do it. But 
they are using our process for exactly the purpose we in¬ 
vented it for. 

By Mr. Cochran: 

Q. Then, you might say that they are using this final 
step, the addition of ferrous sulphate, for the same purpc se 
it is disclosed in 3406, at least partly for that purpose? 
A. No, definitely no. No, because in the first step now, 
understand, here is the critical part of this whole thing. In 
the first step, they add iron to a sulphate solution, eveiy- 
thing is there as sulphates. Iron has the effect to bring 
down arsenic in the sulphate solution, but it has 
95 no effect to bring down copper or nickel or the rest of 
them in a sulphate solution. So, we sulphide that 
solution, we put the metals in a different chemical com¬ 
pound and in that state we add iron again, and now we can 
clear the solution of all of the sulphides. 

So, your arsenic now—according to Prescott and John¬ 
son, the article which you brought up a minute ago, shows 
that now we have already converted the arsenic over to the 
sulphide. Therefore, we will remove it with the cobalt and 
nickel in the same mechanism. 

The Court: Is the process used in that way, the im¬ 
provement in your process ? 

The Witness: It is our process, sir; it is our process. 

The Court: By omitting the first step, is that an im¬ 
provement? 

The Witness: Absolute improvement, a definite im¬ 
provement which will save hundreds of dollars in a year’s 
period of operation. 

The Court: Very well. 




The Witness: Because they have taken our invention 
now which has proven to be a commercial step, one that en¬ 
sures deposition, and they have found also, through a pe¬ 
riod of time, that by using that step after the sulphite treat¬ 
ment, they can eliminate a step up here now that formerly 
cost them a lot of money. 

96 By Mr. Cochran: 

Q. Now, referring to Plaintiff’s Exhibit No. 7, page 384— 
“The Effect of Certain Variables on the Electro-deposition 
of Maganese”—the third full paragraph, the last sentence 
says, starting, “After the precipitated—”. I will read it 
into the record to save time: 

“After the precipitated sulphides are removed by filtra¬ 
tion, 0.1 gram per liter of iron as copperas is added to the 
solution and oxidized and precipitated. The ferric hydro¬ 
xide precipitate removes any residual arsenic, as well as 
colloid sulphur and sulphides.” 

• •••••*•• • 

97 By Mr. Cochran: 

Q. I suppose your comments there would be the same 
as in connection wnth the article which we just re¬ 
ferred to? A. That is correct, because they have now gone 
to using our invention in the step and eliminating the first; 
therefore, they may have arsenic or may not, coming 
through. But if there is some, we not only take out the 
cobalt and nickel but we wall also take out anything that 
comes through like arsenic. 

Q. Well, you have reason to believe that since these sul¬ 
phides were insoluble, I know you spoke of them as being 
in solution, in the sulphate solution, but actually they are 
insoluble and are suspended as colloids? A. No, that is 
a statement that has been made constantly throughout this 
entire procedure. There is nothing insoluble. We don’t 
know today, I don’t believe, of any sulphide or any ma¬ 
terial which we can say is totally insoluble in any solution. 


57 


In fact, we know that sulphides of the various metal$ have 
definite solubilities in certain solutions and are present in 
solution and not present as suspended material or as col¬ 
loids. We know there is definite solubility for that kfmd of 
compounds. 

Q. However, in your specification, you do state that prob¬ 
ably these impurities are present in the form <|)f col- 

98 loids, do you not? A. In our specifications, we state 
that we do not know the exact mechanism of this 

purification, that there may be some colloids in that[ We 
also state it is also of a chemical nature in our specification. 

Q. You do state that there is certainly a possibility that 
they are in the form of colloids? A. There is a statement 
to that effect in the specification. 

Q. And it was well known, wasn’t it, at the time that you 
conceived this invention that the addition of iron salt to 
solution would tend to form iron hydroxide and carry down 
with it impurities of that type; that was a well-knowi pos¬ 
sibility, wasn’t it? A. Iron and alumina, according tci your 
patent by Jacobson have been used for years and years in 
water treatment for the removal of suspended particles. 
However, our iron treatment that we gave this solution— 
we were not so concerned with the colloids, as you call 
them, as we were of the chemical reaction that was taking 
place, and I will tell you why. We would take the solutions, 
prior to putting them through an electrolytic cell, the solu¬ 
tions -would not plate before the iron treatment. We would 
take those solutions and many times filter those solutions 
through paper pulp an inch thick, try to plate them, filter 
them again through paper pulp an inch thick, which 

99 you know is one of the finest filtration aids that you 
can get, and still those solutions refused to plate, 

which was certainly indicative that it was not suspended 
matter or colloids like that that was doing it. It must have 
been some chemical compound in the solution that the filter 
could not touch. 

Now, we could take those solutions, treat them with our 
iron, filter, and the solutions would plate beautifully. 
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Q. In other words, it definitely is a chemical action, yon 
maintain? A. That is what we believe. 

Q. Does your specification state that? A. Our specifica¬ 
tion states it may be of a chemical nature. 

Q. As a matter of fact, it says the purification, however, 
may be in part chemical. A. That is right, may be in part 
chemical, that is wTiat we believe. 

Q. It also states, does it not, the tendency of metal sul¬ 
phides to form colloids is well known and free sulphur may 
be postulated as present in the solutions? A. That is right. 

Q. And that free sulphur would be in what state, a col¬ 
loidal state? A. Oh, free sulphur, I believe, I don’t know 
whether you would call it colloidal, I don’t think you 

100 would call it colloidal because if you get free sulphur 
in a solution, you can see it readily and lots of times 

it will come to the top as a sort of a scum. It is just your 
definition of a colloid and a suspended particle. Actually, 
for the purposes of what we are discussing, I don’t think 
it makes any difference. 

Q. In other words, your specification does state that at 
the time you conceived this invention, you thought that 
there might be free sulphur suspended in the solution? A. 
Yes, according to the specification, there were several things 
things that vre put in there, colloidal sulphur, colloidal ma¬ 
terial, but we believe it was of a chemical nature, because 
as I just got through explaining, we had filtered it through 
the finest filtration equipment that we could filter, which 
should have caught suspended materials. We not only fil¬ 
tered once, we filtered it many times to try to get a solution 
to plate. 

Q. But your specification states that the action might 
have been chemical, but the particles might have been cel- 
loids? A. We believe it to be of a chemical nature due to 
the experimental work that we had, we believe it to be of a 
chemical nature. 

Q. But you did not state that to be a fact in your 

101 specification? A. We, in our specification, stated 
that we believed it to be of a chemical nature. 
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Q. Well, it was well known, wasn’t it, to an expert in 
the chemical art that the use of iron sulphate would precipi¬ 
tate colloidal matter? A. Oh, you can go back through the 
literature, in fact, you brought up one patent here that— 

Q. Your specification even states that? A. For colloidal 
material, but as I say, I don’t feel that we are dealing that 
way as much, and it is stated in the specification it i|s of a 
chemical nature and not of a colloidal and of suspended ma¬ 
terial, we believe it now to be of a chemical nature. At that 
time we did not have the laboratory equipment, the fine lab¬ 
oratory equipment which is necessary to analyze solutions 
as accurately as we have now. But in our specifications, 
we covered the possibility and we said we believe it to be of 
a chemical nature. 

Q. I believe that is an important point and I wou .d like 
to make it clear that your opinion as to the nature oi these 
impurities has changed since this specification was written. 
Now, you believe that the material is an actual solution, 
whereas then you did not know. You said the action may 
be chemical in part, however, the tendency of sulphides to 
form colloids is well known and free sulphur might be in 
the solutions. That states your frame of mind at the 
102 time you wrote the specification, isn’t that correct, 
and your opinion now has changed as to that? A. 
I don’t believe that my opinion has changed in this respect. 
I believe exactly what is written in the specification and I 
believed then and I believe now that the function of the iron 
in our invention is of a chemical nature. 

Q. I would like to ask you if you feel your last statement 
is in accord with the passage from the specification which I 
have read. A. I believe my statement is in accord with the 
specifications because in the specifications we claimed there 
that we believed there could be import of a chemical Mature, 
we also listed several other things. We believed alt that 
time that this addition was of a chemical nature. I Relieve 
today that it is of a chemical nature. 

Q. Well, that doesn’t concern us. Now, I would like to 
go on to the disclosure in the Bureau of Mines report. 
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The Court: I will take a ten-minute recess. 

(A short recess was taken.) 

By Mr. Cochran: 

Q. I would like to refer you now to the Bureau of 
Mines Report of Investigation No. 3406. In that report on 
page No. 7, there is a title, “Impurities in Manganese Elec¬ 
trolyte,” and subtitles of Iron, Arsenic, Copper, Co- 

103 bait, and Nickel. Now, in connection with each of 
those, the article discusses methods of removing 

those impurities from the solution. Isn’t that true? A. 
That is true. 

Q. In connection with the one labeled arsenic, do you 
find any indication there, in that paragraph, that the re¬ 
moval of arsenic by ferrous sulphate must precede the 
other purification steps which are mentioned? A. This ar¬ 
ticle merely states what is already well known to the art, 
that arsenic can be removed by iron. This merely states 
something that has been known in the zinc industry for 
many years. 

104 Q. There is no indication there that it has to take 
place before any of these other purification treat¬ 
ments which are mentioned? A. He does not state that in 
this paragraph, but in the flow sheets in Article 3406, he 
definitely states where he is to make his purification for 
arsenic. 

Q. To what portion of the article are you referring now? 
A. That is Figure 2, called “Flow sheet for leaching ore 
and purifying leach solutions at the experimental pilot 
plant,” and he definitely says exactly where he adds his 
iron for the removal of the arsenic and that is in line with 
the teachings that have been known for years. 

Q. Now, that flow sheet, does that correspond generally 
to the description which is given under the title, “A Purifi¬ 
cation Batch,” on page 8? Just generally, I don’t mean 
in any detail? A. In general, in general, yes; because his 
first step is iron is added. He filters, the next step he adds 
the xanthates. 
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Q. He refers to this purification batch as a typical puri¬ 
fication batch, doesn’t he? A. Yes, referring to a typical 
purification batch. 

Q. So that he is not necessarily limiting his disclosure 
simply to that particular sequence of events? A. 

105 Yes, I would say he is, because he stated directly in 
his flow sheet and in all his publications exactly step 

by step the way he did it and the way he recommended it 
being done. 

Q. Is there any indication in this Bureau of Mines publi¬ 
cation particularly in connection with the removal of ar¬ 
senic, that the use of ferrous sulphate would not remove 
small amounts of arsenic, residual amounts? A. He states 
in here that the concentrations of arsenic—it was foui|id 
that so much iron would reduce the arsenic content from so 
to so. He does not state that iron will completely elinii- 
nate arsenic from the solutions, because that is an impossi¬ 
bility, an absolute impossibility, to state that we completely 
eliminate something from solutions. Our analytical tests, 
as good as they are, could never prove that statement. 

Q. So even your process won’t completely eliminate the 
arsenic? A. Our process is not concerned with the re¬ 
moval of arsenic. Our process is concerned with the re¬ 
moval of metals after a sulphide purification. We ha^e 
successfully removed arsenic in Step 1. We are not con¬ 
cerned with the removal of arsenic in our invention. 

Q. This reference then, I take it, coming back to a prior 
question, does not teach that you could 7:ot remove 

106 small amounts of arsenic as well as the larger 
amounts mentioned by the use of ferrous sulphate; 

in other words, the reference does not teach away from Re¬ 
moving residual amounts of arsenic? A. It all depends on 
what a man wants to call residual. Now, as I say, Shelton 
or Hannay are merely adopting a procedure which had 
been known for years and which had worked very success¬ 
fully, very successfully, in the removal of arsenic from solu¬ 
tions for the electrodeposition of zinc. So his procedure 
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here has been copied from an identical procedure that had 
been in use for years and years very successfully. 

The Court: Do any of these processes leave manganese 
absolutely pure? 

The Witness.: The manganese solutions? 

The Court: Yes, in other words, is the final result free 
from all of what you might call impurities? 

The Witness: Oh, no, no. That would be an impossi¬ 
bility, I believe. I don’t know of any procedure that you 
could say that if we add this, we will eliminate everything 
but the manganese. But we do try to add this to eliminate 
the bulk, shall we say, of the impurities which will inter¬ 
fere with the deposition of manganese, and the lower that 
we can reduce those impurities, the better the deposition, 
the greater the current efficiency. But I don’t believe 
107 there is a case in history where you can say, “I have 
eliminated everything but what I want,” I don’t be¬ 
lieve so. 

The Court: Very well. 

Mr. Cochran: I think that is all. 

Mr. Webb: That is all, Mr. Woodman. 

(Witness excused.) 

Mr. Webb: I have one more witness, Your Honor, Mr. 
Parkman. 

Thereupon Howard Calvin Parkman was called as a wit¬ 
ness by the plaintiff and, having been first duly sworn, was 
examined and testified as follows: 

Direct examination 

By Mr. Webb: 

Q. Will you please state your name, age, and residence, 
Mr. Parkman? A. Howard Calvin Parkman, age 42 Niag¬ 
ara Falls, New York. 

Q. And now, will you please state the advanced educa¬ 
tion that you have had? A. I obtained the Bachelor of Sci¬ 
ence Degree in Metallurgical Engineering in 1934, and the 
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Master of Science Degree in Metallurgical Engineering in 

1935, both from the State College of Washington, Pullman, 
Washington. 

Q. Now, after graduation in 1935, after getting 

108 your Master’s degree, what was it you did? A. I 
was employed by the Government in the State of 

Washington in development research directed toward the 
utilization of certain raw materials that had not been, at 
that time, exploited in the Pacific Northwest. 

Q. And did that work you were doing for the State Gov¬ 
ernment of Washington involve purification of different 
types of solutions and flotations, for example, of 
site? A. Yes, we were working with the preliminary 
directed toward the production of magnesium, there 
large amount of that ore in the Northwest, as well as 
tain refinements to copper metallurgy, production 
alumina for the manufacture of aluminum from large 
posits of then not commercial raw materials located in 
Northwest. 

Q. And you continued in that work until December, 

I believe? A. We continued that work until 

1936, at which time the appropriations that had 
granted by the Government of the State of Washing 
had been depleted. 

Q. And after leaving that work, with what company did 
you go? A. I then took a position with Vanadium Corpo¬ 
ration of America at Bridgeville, Pennsylvania, in their re¬ 
search and development division. 

109 Q. And how long did you remain with the Vanad¬ 
ium Corporation? A. I remained at that position 

from January, 1937, until February, 1941. 

Q. And where did you go when you left in February, 
1941 ? A. In February, 1941,1 accepted a position with tire 
United States Bureau of Mines at Boulder City, Nevada. 

Q. And what were your time and efforts devoted to 
this work with the Bureau of Mines at Boulder City? A. 
was assigned to the problem of purification and develo 
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ment processes and their application to production of elec¬ 
trolytic maganese and the pilot plant which was then being 
designed and built. 

Q. Now, when did you leave the Bureau of Mines? A. I 
left the Bureau of Mines in December, 1941. 

Q. And where did you go after leaving? A. I returned 
to the Vanadium Corporation of America at Bridgeville, 
Pennsylvania. 

Q. And what was the the nature of the work that you did 
at Bridgeville, Pennsylvania, for the Vanadium Corpora¬ 
tion of America at that time and also on your previous oc¬ 
cupation? A. Development processes and production of 
processes related to ferroalloys. 

Q. And you stayed at Bridgeville until about 1943, 
110 did you? A. I remained at Bridgeville until 1943, 
yes. 

Q. And then I believe you went to the Niagara Falls plant 
of the Vanadium Corporation of America? A. I was trans¬ 
ferred to the Niagara Falls plant in August, 1943, as reduc¬ 
tion superintendent. That term is not commonly used, it 
is in most plants called production superintendent, but in 
our company that term was used. 

Q. And you were reduction superintendent for how long 
a period of time? A. Until 1947. 

Q. And what is your present position you hold? A. At 
present, I am general superintendent of the Niagara Divi¬ 
sion of Vanadium Corporation of America. 

Q. And what are the principal products made at that di¬ 
vision? A. The principal products we make are, of course, 
ferroalloys and metals, ferrochromium, all the grades of 
ferrosilicon, ferrotitanium, alloys of manganese, chromium, 
silicon, and various combinations, in fact all of the princi¬ 
pal ferroalloys used subsequently in manufacture of alloy 
steels. 

Q. Now, going back to your work at the Bureau of Mines 
in 1941, I believe you said that that was related to 
the purification of manganese salt solutions and the elec- 
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111 trodeposition of manganese. Is that right? A. That 
is right. 

Q. To whom did you report at that time? A. Dr. Koster. 

Q. Now, what process was in use at that plant when you 
went there? A. They were utilizing the process that had 
been originally prepared covering roasting, reducing roast- 
ing followed by leaching with one exception, that they had 
replaced the xanthates precipitation with hydrogen sulp¬ 
hide. 

Q. And the process that you are referring to is that 
one that is described in R. I. 3406, modified in the manner 
in which you have just stated? A. Yes, sir. 

Q. What process was used there when you left there in 
December of 1941 ? A. The process used at the time I left 
the Bureau of Mines was further modified by the addition 
of the process of purification after hydrogen sulphide treat¬ 
ment by the use of iron as developed by Mr. Woodman and 
Mr. Royer. 

Q. So, when you left there in December, 1941, the Wood¬ 
man and Royer process was in use? A. That had been in 
use, yes, sir. 

Q. And they abandoned the previous process, the process 
of R. I. 3406 and the modified process of 3406 involv- 

112 ing the substititution of hydrogen sulphide for the 
xanthates? A. Yes, sir. 

Q. Now, will you please compare the results obtained at 
the Boulder City plant prior to the adoption and use of the 
Woodman and Royer invention, and those obtained after 
its adoption and use? A. The electrodeposition of maga- 
nese prior to the adoption of the Woodman and Royer proc¬ 
ess, was most discouraging. We obtained no consistent Re¬ 
sults. We had no assurance that any solution would wojk. 
We did for a short time, of course, obtain deposits, but w^th 
no consistency from one batch of solution to another. It was 
not until the adoption of the Woodman-Royer process that 
we obtained results that were consistent and satisfactory. 

Q. Are you familiar with the Hannay, et al., patent, No. 
2,259,418? A. Yes, sir. 
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Q. And you had read that, had you? A. Yes, I have 
read that. 

Q. All right. Do you find in that patent any suggestion 
whatsoever of the use of a ferrous sulphate addition or 
purification step following a sulphide treatment in the puri¬ 
fication of manganese, which solutions are used for electro¬ 
lytic manganese depositions? A. There is no such refer¬ 
ence. 

/ j 

113 The Court: Isn’t this testimony a repetition of 
the preceding witness ? 

Mr. Webb: To that extent, yes, Your Honor, to a slight 
extent. The purpose of it is just this. Mr. Parkman is a 
highly skilled technical man and I want to show that to him 
as a skilled man, there is no suggestion in this prior art. 

The Court: Very well. I am not trying to cut you 
off. I thought if it was simply a repetition of the preced¬ 
ing witness’ testimony, it was not much needed. 

Mr. Webb: Just two or three questions will be a repeti¬ 
tion, Your Honor, but that is my purpose. 

The Court: Very well, proceed. 

By Mr. Webb: 

Q. Is there any suggestion of that character in the Bu¬ 
reau of Mines R. I. 3406? A. There is none. 

Q. Is there any suggestion in either of those two refer¬ 
ences or in any of the other references which have been dis¬ 
cussed here in court the last two days, of the step of adding 
iron as a ferrous sulphate, or the like, to a sulphide solu¬ 
tion? A. There is not. 

Q. In the work that you were doing at the Bureau of 
Mines Boulder City plant, did it occur to you that the diffi¬ 
culties which you were encountering could be elimi- 

114 nated by the addition of ferrous sulphate to a sulp¬ 
hide solution? A. It did not occur to me, no, sir. 

Q. Did it occur to you at any time during the work that 
you were doing for the Bureau of Mines at Boulder City 
on this specific problem, that your problems could be solved 
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by the use of a ferrous sulphate purification treatment fol¬ 
lowing a hydrogen sulphide treatment of the solution? A. 
It did not occur to me, no, sir. 

Mr. Webb: That is all. You may cross-examine. 

Mr. Cochran: I don’t think I have any questions. 

The Court: Step down. 

• • • • • * * • • • 

160 Filed Nov 21 1950 

UNITED STATES DISTRICT COURT 

FOR THE DISTRICT OF COLUMBIA 

Civil Action No. 3977-48 
Vanadium Corporation of America, Plaintiff, 

v. 

John A. Marzall, Commissioner of Patents, Defendant 

The Opinion of Judge Bailey. 

This is an action under R. S. 4915 brought by the Vana¬ 
dium Corporation of America, in which it asks the Court 
to authorize the Patent Office to issue a patent on Woocfinan 
and Royer Application, Serial No. 430,258, filed February 
10, 1942. 

The invention is now owned by the plaintiff but its owner¬ 
ship is subject to a royalty-free license which was grafted 
by Woodman and Royer to the United States Governm|ent. 

The invention relates generally to the manufacture? of 
manganese by electrolytic processes; more specifically to 
the purification of the solutions from which the manganese 
is deposited by electrolysis. Claim No. 27 of plaintiff’s ap¬ 
plication is representative: 

Claim 27 . A process for producing a purified manganese 
sulfate solution amenable to electrodeposition of the man¬ 
ganese content thereof, which comprises subjecting a man¬ 
ganese sulfate solution to a preliminary purification tijeat- 
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ment which removes substantially all iron and heavy metal 
impurities, said preliminary purification treatment includ¬ 
ing treatment with a soluble sulfide, thereafter treating 
said purified solution maintained at a pH between 7 and 8 
with a soluble sulfate of iron which precipitates as a 
hydrate, said soluble sulfate of iron being used in amount 
to give about 0.1 gram per liter to 1.0 gram per liter of iron, 
and recovering a purified solution from the treatment mix¬ 
ture. 

In the manufacture of manganese by electrolysis the ore 
is first subjected to a reducing roast and the roasted 
161 ore is then leached. The leached solution contains 
manganese sulphate with the addition of ammonia 
sulphate and impurities such as the sulphate of iron, ar¬ 
senic, copper and other metals. This solution is then puri¬ 
fied further by removing iron and arsenic by oxidation. 
Thereafter it is treated with hydrogen sulphide to convert 
any metal impurities contained in the sulphides. These sul¬ 
phides are relatively insoluble and are precipitated. These 
steps of the process are conceded by the plaintiff to be old 
in the art as shown by the Hannay et al Patent No. 
2,250,418. Further step in the invention is the purification 
of this solution by adding ferrous sulphate by some other 
metallic salt which, according to the plaintiff, effects the 
removal of any remaining copper, nickel, cobalt and other 
sulphides and sulphide ions from the solution. This last 
step is the step -which the plaintiff claims constitutes an in¬ 
vention, that is, the addition of ferrous sulphate to the so¬ 
lution after it has been treated with soluble sulphides. The 
plaintiff claims that this sequence of steps is critical and 
that if the ferrous sulphate is added to the solution before 
the conversion to sulphides the object of the invention can¬ 
not be accomplished. 

The present position of the plaintiff as to the nature of 
the impurities remaining before that last step differs from 
the claims in the specification. In the specification the in¬ 
ventors state: 
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• -we have been unable to identify even qualitatively trie 
impurities removed in the iron purification or treatment 
step. Spectrographic analysis has failed to identify tfie 
impurities removed. 

The tendency of metal sulphides to form colloids is wejll 
known and free sulphur may be postulated as present In 
the solutions. It is possible that the function of the treat¬ 
ment step which we employ may be the removal of such 
solids, probably in the form of microscopic particles.” 

The question in this case is whether it was old in the aprt 
to precipitate impurities such as those listed above or col¬ 
loidal matters by the use of iron or similar sulphates qr 
whether such a result would be obvious to any one skilled 
in the art. 

162 The defendant claims that the purpose of this last 
* step of adding ferrous sulphate to the solution wfcs 
to remove any remaining arsenic or colloids; the plaintiff 
that the purpose was to remove impurities such as copper, 
nickel, cobalt, etc., and the addition of the ferrous sulphate 
prior to the conversion into sulphides would not carry <}ut 
the object of the invention. As said above, however, the 
plaintiff’s present contention is different from that in the 
application. It would seem that it would be obvious to one 
“skilled in the art” to add the ferrous sulphate to the solu¬ 
tion to purify it of any remaining particles of arsenic or 
colloids. I agree with the Examiner and the Board of ap¬ 
peals of the Patent Office in this. It is true that evidence 
was introduced at the trial to the effect that this final s|ep 
of purification produced a purer solution of the metallic 
salt and that is a decided improvement from a commercial 
standpoint, but commercial success alone is not sufficient to 
constitute invention. 

I agree, therefore, with the defendant that the claims of 
the plaintiff should be denied. 

Jennings Bailey, Judge. 
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163 Filed Dec 13 1950 

Findings of Fact. 

1. This is an action under R. S. 4915 (U. S. C., title 35, 
Sec. 63) in which the plaintiff, Vanadium Corporation of 
America, sought to have the court authorize the allowance 
of claims 22, 26, 27, and 28 of application for patent Serial 
No. 430,258, the plaintiff being the owner of the applica¬ 
tion by assignment from the applicants, Frank W. Wood¬ 
man and Miles B. Royer, subject to a royalty-free license 
to the United States Government. 

2. The application in issue relates to a process of purify¬ 
ing manganese sulphate solution in preparation for electro¬ 
lytic deposition of metallic manganese. According to the 
application disclosure, conventional purifying processes in¬ 
volve treating the manganese sulphate solution to remove 
iron and arsenic by oxidation or by the addition of ferrous 
sulphate, and then treating the solution with a soluble sul¬ 
phide to convert any metallic impurities to insoluble 
sulphides, which precipitate. To this known procedure, 

the applicants add a further step which comprises 

164 adding to the manganese sulphate solution a small 
amount of a soluble metal compound, such as ferrous 

sulphate, which, it is stated, is converted into a hydroxide 
which removes residual impurities which otherwise would 
interfere with the electrodeposition process. 

The application states that while the applicants were un¬ 
able to identify the nature of the impurities removed, it 
was known that metal sulphides tend to form colloids and 
that the possible function of the treatment was to remove 
the sulphides and free sulphur in the form of microscopic 
solids. 

3. It is stated in the application specification that there 
are many instances in the technical literature where solids 
have been absorbed by iron hydroxides and traces of col¬ 
loidal impurities have been removed by such treatment. 

4. The Hannay et al. patent No. 2,259,418 discloses a 
process for purifying manganese sulphate solution includ- 
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ing the standard methods of removing iron followed by a 
hydrogen sulphide treatment to precipitate other metallic 
impurities. 

5. The Bureau of Mines Report of Investigations Jo. 
3406 describes various treatments which may be employed 
to eliminate certain specified impurities from a manganese 
sulphate solution. In connection with the removal of 
arsenic, the Report suggests the addition of a small amount 
of ferrous sulphate to the impure leach solution, if sufficient 

iron is not already present to effect the purificatibn. 
165 One portion of the Bureau of Mines Report Ho. 

3406 states that after the removal of arsenic, the 
solution is further treated with a soluble sulphide, such as 
xanthate to precipitate cobalt and nickel. 

6. “Quantitative Chemical Analysis” by Prescott and 
Johnson, on pages 114 and 115, states that the hydrogen 
sulphide will not completely precipitate arsenic from its 
hydrochloric acid solution if (1) the solution is not com¬ 
pletely saturated with hydrogen sulphide; (2) too mfich 
hydrochloric acid is present; (3) the solution contains much 
pentad arsenic. 

7. The applicants, at the time their specification was writ¬ 
ten, were of the opinion that the impurities remaining after 
the sulphide treatment were, possibly, in the form of Col¬ 
loidal solids. 

8. Since, as set forth in the application, the employment 
of iron compounds to precipitate colloidal impurities was 
well known, the step of treating a manganese sulphate solu¬ 
tion, already purified according to the Hannay et al process, 
by adding thereto a soluble metal compound to eliminate 
residual impurities, would be obvious to one skilled in ihe 
art and thus, devoid of invention. 

9. Claims 22, 26, 27, and 28 do not define invention ofer 
Hannay et al. in view of the disclosure of the state of the 
art in the application. 

10. Since it was known that a preliminary treatment 
with ferrous sulphate or with a soluble sulphide would not 



remove all traces of arsenic, the presence of arsenic as one 
of the residual impurities after such treatments was a pos¬ 
sibility which was obvious to those skilled in the art. 

166 11. In view of the Bureau of Mines Report. No. 
3406 disclosure of the addition of ferrous sulphate 

to an impure leach solution to eliminate arsenic, the em¬ 
ployment of a soluble metal compound after the conven¬ 
tional purifying steps, as disclosed by Hannay et al, in 
order to eliminate possible traces of arsenic was an obvious 
expedient and would not amount to invention. 

12. Claims 22, 26, 27, and 28 do not define invention over 
Hannay et al. in view of the Bureau of Mines Report No. 
3406. 

13. Claims 22, 26, 27, and 28 are unpatentable in view of 
the prior art. 

At the request of the plaintiff, I make the following addi¬ 
tional findings: 

14. The application states that the final purification by 
ferrous sulphate may be in part chemical. 

15. The applicants, at the time their specification was 
written, were of the opinion that the impurities remaining 
after the sulphide treatment were, possibly, in solution in 
the manganese solution. The specification states that after 
the sulphide treatment the solution is “free of precipitated 
impurities.” 

16. Applicants’ specification, on pages 2 and 3, states 
“The manganese leach solution (whether produced by the 

use of sulphuric acid or spent electrolyte) usually 

167 contains as impurities iron, arsenic, antimony, zinc, 
cobalt, nickel, copper, and other metals. It is known 

that the removal of all these impurities from the manga¬ 
nese electrolyte solution is desirable, since very small con¬ 
centrations of impurities of the type identified will lower or 
prevent cathodic deposition of manganese.” 
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Conclusions of Law. 

1. The plaintiff is not entitled to a patent containing 4 n 7 
of claims 22, 26, 27, and 28 of application Serial No. 4$0,- 
258. 

2. The complaint should be dismissed as to all the claims 
involved. 


Jennings Bailey, 
Judge. 


168 Filed Dec 13, 1950 

Judgment. 


This action came on to be heard at this term and thejre- 
upon consideration thereof, it is this 13th day of December, 
1950, 



Notice is hereby given this 10th day of January, 1951, 
that Vanadium Corporation of America hereby appeals to 
the United States Court of Appeals for the District of 
Columbia from the judgment of this Court entered on the 
13th day of December, 1950 in favor of Defendant agair.st 
said Plaintiff. 

Donald Gardner, 

Attorney for Plaintiff. 
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m. 

EXHIBITS. 

EXCERPTS FROM PLAINTIFF’S EXHIBIT NO. 1. 

Specification. 

To All Whom It May Concern: 

Be It Known, that we, Frank W. Woodman and Miles B. 
Royer, citizens of the United States and residents of 
Boulder City, in the County of Clark, and State of Nevada, 
have invented a new and useful Improvement in Purifica¬ 
tion of Manganese Salt Solutions of which the following 
description is a specification. 

This invention described herein may be manufactured 
and used by or for the Government for Governmental pur¬ 
poses, without the payment to us of any royalty thereon. 

Our invention relates to the treatment of manganese 
bearing solutions. More specifically it relates to the purifi¬ 
cation of manganese solutions to condition them for elec¬ 
trolysis, although the invention appears to have some ad¬ 
vantage in the treatment of manganese solutions for the 
production of manganese compounds intended for medi¬ 
cinal, chemical and related purposes. The invention con¬ 
cerns particularly the treatment of solutions of manganese 
sulphate, usually containing ammonium sulphate, and will 
be so described, although the method involved appears to 
have some value in the treatment of manganese solutions 
wherein the manganese appears as a salt of an acid other 
than sulphuric acid, such, for example, as manganese ni¬ 
trate solutions and manganese chloride solutions. 

Manganese sulphate solutions suitable for electrodeposi¬ 
tion of manganese are, in general, produced by a leaching 
operation using either sulphuric acid or spent electrolyte 
from which all or a part of the manganese has been 
stripped. Conventionally, manganese sulphate solutions 
employed for the electrodeposition of metallic manganese 
also contain ammonium sulphate with or without other ad- 
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dition reagents. The manganese leach solution (whether 
produced by the use of sulphuric acid or spent electrolyte) 
usually contains as impurities iron, arsenic, antimony, zinc, 
cobalt, nickel, copper, and other metals. It is known that 
the removal of all of these impurities from the manganese 
electrolyte solution is desirable, since very small concen¬ 
trations of impurities of the type identified will lower or 
prevent cathodic deposition of manganese. Many methods 
for the purification of such solutions have been proposed 
and some of them are employed satisfactorily. Some 
methods for purification are disclosed and generally dis¬ 
cussed in Bureau of Mines Report of Investigation No. 
3406 and in United States Patents Nos. 2,119,560 and 2,169,- 
540. In addition to the disclosures made in the publica¬ 
tions identified hereinabove, activated charcoal has also 
been employed. Soluble sulphide compounds have been 
utilized to advantage. Our present invention, in general, 
is not intended to take the place of other purification pro¬ 
cedures but may be employed as an additional procedure, 
usually, and preferably, as the final step in the preparation 
of the electrolyte before delivering it to the cells. 

In accordance with our invention, we introduce a rela¬ 
tively small proportion of a metal compound, such as fer¬ 
rous sulphate, which will precipitate or flocculate as the 
hydrate, allow the solution to stand and remove the pre¬ 
cipitate or floe which forms on standing by suitable means 
such as filtration. Certain precautions must be taken with 
respect to pH control, and, depending upon the character 
of the solution and the type of metal compound employed, 
other details of control are desired. These matters, how¬ 
ever, will be pointed out hereinbelow following the dis¬ 
closure of one specific method for practicing the invention. 

In accordance with one procedure found to be very satis¬ 
factory, the impure manganese solution, from the neutrali¬ 
zation leach, is classified according to the iron content 
thereof. When the iron concentration is found to be rela¬ 
tively high, the solution is oxidized by suitable reagents, 
ordinarily air. Arsenic and antimony precipitate as iron 
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compounds and the iron is precipitated, principally as 
ferric hydroxide, if the pH of the solution is controlled to 
be above pH 4 or preferably about pH 5. The precipitates 
are removed from the solution by suitable means such as 
decanting, centrifuging, filtering or the like. The resulting 
solution, now relatively low in iron, (or a raw leach solution 
initially low in iron) is thereupon treated with a soluble 
sulphide such as ammonium sulphide or hydrogen sulphide 
(the pH of the solution being preferably above 5) to pre¬ 
cipitate impurities such as iron, copper, nickel, cobalt, zinc 
and others. The precipitated impurities are then removed 
by suitable means such as by filtering the solution. The re¬ 
sulting solution, free of precipitated impurities, is op¬ 
tionally, although not necessarily, further treated by 
means of activated charcoal and/or soluble xanthates. 

The final substantially pure solution resulting from the 
treatment by the above outlined series of steps is then 
treated by the addition thereto of a relatively small propor¬ 
tion, e.g. 2 g/1, of an iron compound, such as ferrous sul¬ 
phate, the pH of the solution being regulated to be at least 
4.5 or preferably above, and suitably between 7 and 8. On 
standing a relatively short time, a floe of iron compounds, 
preponderantly hydrates, is precipitated. This floe or pre¬ 
cipitate appears to remove traces of harmful impurities 
which are left in the solution after the usual purification 
procedure. We have not been able to establish the exact 
mechanism by which these impurities are removed, nor 
have we been able to identify even qualitatively the nature 
of the impurities. We have found repeatedly, however, and 
after a great number of experiments, that manganese sul¬ 
phate electrolytes which refuse to yield a satisfactory 
manganese deposit prior to the treatment in accordance 
with our invention, would readily deposit manganese on 
the cathodes after the treatment step of our invention was 
employed. 

We have already pointed out that we have been unable 
to identify even qualitatively the impurities removed in the 
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iron purification or treatment step. Spectrographic analy¬ 
sis has failed to identify the impurities removed. There 
are many instances referred to in the technical literature 
where solids have been absorbed by iron hydroxides and it 
appears that traces of impurities may be removed by i;his 
mechanism. The purification, however, may be in jfart 
chemical. The tendency of metal sulphides to form colldids 
is well known and free sulphur may be postulated as pres¬ 
ent in the solutions. It is possible that the function of the 
treatment step which we employ may be the removal of 
such solids, probably in the form of microscopic particles. 
Whatever the mechanism of purification may be, however, 
there is no question of the advantages of the treatment 
step in that solutions, from which manganese could not be 
deposited satisfactorily, were repeatedly made more sus¬ 
ceptible to plating after the treatment. 

In the practice of our invention we sometimes find it 
advantageous to oxidize the solution during the iron pre- 
cipitation step. This may be accomplished by blowing air 
through the solution, or oxidizing agents such as hydrogen 
peroxide may be employed. Aeration assists in the pre¬ 
cipitation when ferrous compounds are present. 

The amount of iron compound used in the purification 
step of our invention is generally very small. 0.3 of a gram 
per liter of iron is an ample addition under most circum¬ 
stances. We do not, however, limit ourselves to any par¬ 
ticular amount of added iron as the proportion may be 
varied extensively within the scope of the invention, tak¬ 
ing care, however, that the introduced iron is allowed to 
precipitate before the solution is fed to the electrolyte cell. 
Our treatment with iron is not to be confused with the re¬ 
moval of iron from the manganese solutions as one con¬ 
ventional purification step heretofore known in the art. 
Our invention embodies the studied addition of iron com¬ 
pounds as an additional and/or final purification step for 
manganese solutions to condition the solution for the elec- 
trodeposition of manganese of high purity. "While prefer- 
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ably the process of our invention is carried out as the final 
step, suitably controlled it may be employed in other ways 
as, for example, in connection with the purification with 
charcoal or the purification with xanthates. If iron is pres¬ 
ent in the leach solution, our invention is employed after 
this iron has been removed substantially entirely by pre¬ 
vious purification procedures. 

While we ordinarily employ ferrous sulphate which may 
be readily produced from scrap iron and sulphuric acid, 
we may use ferric sulphate, ferrous ammonium sulphate or, 
more generally, ferric and/or ferrous salts, the anions of 
which preferably are the same as those associated with 
the manganese in solution. As an example of the practice 
of our invention, we give below the chemical analysis of 
four solutions, each of which refused to yield electro- 
deposited manganese prior to the treatment of our inven¬ 
tion but each of which after treatment was satisfactorily 
employed in the production of manganese electrolytically. 
In each instance one-tenth of a gram of iron per liter was 
introduced for purification, the iron being introduced in the 
form of ferric ammonium sulphate. 


TABLE 1—ANALYSIS BEFORE TREATMENT 


Test 

Grams per Liter Mn 
Grams per Liter Fe 
Grams per Liter As 
Grams per Liter Co 
Grams per Liter Ni 
Grams per Liter Cu 
Grams per Liter (NIDjSO, 
pH 


1 

28.3 

0.0001 

0.00001 

0.0005 

0.0005 

0.0005 

176 

7.9 


9 

28.6 

0.0001 

0.00005 

0.0005 

0.0005 

0.0005 

201 

8.0 


3 

29.7 

0.0001 

0.00005 

0.0005 

0.0005 

0.0005 

158 

8.0 


4 

27.5 

0.0001 

0.00005 

0.0005 

0.0002 

0.0002 

128 

7.94 


TABLE 2—ANALYSIS AFTER TREATMENT 

Test 12 3 4 

Grams per Liter Mn 28.0 26.7 27.9 27.3 

Grams per Liter (NH,)jS0 4 174 196 149 125 

Grams per Liter As (less than) 0.00001 0.00005 0.00005 0.00005 

Grams per Liter Fe (less than) 0.0001 0.0001 0.0001 0.0001 

Grams per Liter Co (less than) 0.0001 0.0005 0.0005 0.0005 

Grams per Liter Ni (less than) 0.0002 0.0005 0.0002 0.0002 

Grams per Liter Cu (less than) 0.0005 0.0002 0.0002 0.0002 

pH 7.8 8.0 8.0 8.0 
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The solutions numbered 1 to 4, inclusive, purified in a 
cordance with out invention and showing the analysis of 
table 2 were employed in cells over a period of forty-eight 
hours and periodic inspections made to determine current 
efficiency, current density at the cathode and voltage, repre 
senting an average over the forty-eight hour test. Tb 
data obtained is shown in table 3, immediately hereinbelow 


TABLE 3—ELECTRODEPOSITION DATA 


Test 


Current Efficiency, per cent 
Current Density, amps/sq. ft. 
Voltage 


1 

2 

3 

54.20 

51.95 

55.51 

20.87 

20.87 

20.87 

4.0 

4.0 

3.91 


63.06 

21.&7 

4.01 


As already pointed out, the amount of iron employed in 
the purification procedure of our invention may vary. As 
a general rule, it is not essential that more than approxi¬ 
mately 0.3 g/1 up to 0.5 g/1 be employed, in each instance 
the calculation being based upon the iron in the compound 
employed, and generally speaking, we employ less than one 
gram per liter under all usual conditions which will be en¬ 
countered. A solution which has been thoroughly purified 
in accordance with known procedures in general will re¬ 
spond to treatment if 0.1 gram per liter of a soluble iron 
compound is employed. While our invention is particu¬ 
larly applicable to the treatment of manganese sulphate 
solutions preparatory to electrodeposition of manganese, 
it may be employed to purify other manganese solutions 
such as manganese chloride or manganese nitrate solu¬ 
tions, including solutions from which manganese com¬ 
pounds are to be produced for chemical and like uses. 

The invention has been described in detail with specific 
reference to the use of iron compounds, but, as already indi¬ 
cated, metals other than iron may be used which will form 
precipitates or floes under the conditions encountered, such 
as aluminum, beryllium, titanium and the like. As in the 
case of iron, the pH must be properly controlled to produce 
the hydrate precipitate, and the proportions used are alsb 
small, generally of the order discussed for iron. WTiile, oJi 
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the basis of onr present knowledge, the nse of iron is pre¬ 
ferred, we have also obtained very good results with alumi¬ 
num. While iron is the more readily available, and the 
price is low, its continuous use will probably be indicated. 
We do not wish to be limited in the scope of our invention, 
however, except within the definition of the appended 
claims. 

What we claim as new and desire to protect by Letters 
Patent of the United States is: 

1. In the treatment of a manganese bearing solution as 
part of a purification procedure, the steps of introducing 
into the solution a relatively small proportion of an iron 
compound, causing the iron compound so introduced to 
precipitate and removing the resulting precipitate. 

2. The method defined in claim 1 wherein the iron com¬ 
pound introduced is a salt having an anion the same as that 
associated with the manganese in solution. 

3. In the treatment of a manganese bearing solution 
preparatory to electrolyzing the same for the production 
of manganese, the steps of subjecting the solution to a 
purification procedure designed to remove all metallic im¬ 
purities present followed by the step of introducing into 
the substantially purified solution a relatively small pro¬ 
portion of an iron compound, and removing the precipitate 
formed as a result of the introduction of such iron com¬ 
pound. 

4. The method of purifying a manganese sulphate solu¬ 
tion which includes the step of introducing into the man¬ 
ganese sulphate solution a relatively, small proportion of 
an iron compound of the class consisting of ferric and fer¬ 
rous salts of sulphuric acid. 

5. The method of purifying a manganese sulphate solu¬ 
tion which includes the step of introducing into the man¬ 
ganese sulphate solution ferrous ammonium sulphate. 

6. The method of conditioning a manganese sulphate so¬ 
lution preparatory to the production of electrolytic man¬ 
ganese therefrom which comprises subjecting the solution 
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to a purification procedure to remove therefrom metals 
occurring in the solution as impurities, thereafter intro¬ 
ducing into the substantially purified solution a relatively 
small proportion of an iron compound of the class consist¬ 
ing of ferric and ferrous salts of sulphuric acid and then 
removing the resulting precipitate. 

7. In the treatment of manganese bearing solutions as a 
part of a purification procedure, the steps of introducing 
a relatively small proportion of a metal compound capable 
of conversion to an insoluble hydrate under the conditions 
found in the solution, adjusting the pH of the solution to 
cause the hydrate to precipitate, and removing the pre¬ 
cipitate. 

8. In the treatment of a manganese sulphate solution for 
the purpose described, the steps of introducing a relatively 
small proportion of an iron compound, adjusting the pH 
to precipitate iron in combined form, and removing the 
resulting precipitate. 
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DEPARTMENT OF COMMERCE 
UNITED STATES PATENT OFFICE 
WASHINGTON 25, D. C. 

Before the Board of Appeals on Appeal No. 14,259 
In re application of: 

Frank W. Woodman et al. 

Serial No. 430,258 
Filed February 10, 1942 
For Purification of Manganese Salt Solutions 

Examiner’s Statement. 

This is an appeal from the final rejection of claims 14-19 
and 21-25 inclusive. All but claim 22 have been cancelled 
and new claims 26, 27, and 28 substituted therefore for pur¬ 
pose of appeal, so this statement is accordingly forwarded 
with the reasons for rejection of claims 22, 26, 27, and 28, 
all of the claims now in the case. 

In view of the entry of the amendment after final re¬ 
jection, new grounds for rejection made necessary by the 
new claims will not be considered as reopening prosecu¬ 
tion before the primary examiner. 

The rejected claims: 

Claim 22. A process for producing a purified manganese 
salt solution amenable to electrodeposition of the man¬ 
ganese content thereof, which comprises subjecting a man¬ 
ganese salt solution to a preliminary purification treat¬ 
ment which removes substantially all iron and heavy metal 
impurities, said preliminary purification treatment includ¬ 
ing treatment with a soluble sulfide, thereafter treating 
said purified solution maintained at a pH of at least 4.5 
with a soluble compound of a metal selected from the group 
consisting of iron, aluminum, beryllium and titanium which 
precipitates as a hydrate, said soluble compound being used 
in amount to give about 0.1 gram per liter to 1.0 gram per 
liter of metal of said group, and recovering a purified solu¬ 
tion from the treatment mixture. 
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Claim 26. A process for producing a purified manganese 
sulfate solution amenable to electrodeposition of the man¬ 
ganese content thereof, which comprises subjecting a 
manganese sulfate solution to a preliminary purification 
treatment which removes substantially all iron and heavy 
metal impurities, said preliminary purification treatmefit 
including treatment with a soluble sulfide, thereafter treat¬ 
ing said purified solution maintained at a pH between 7 
and 8 with a soluble compound of a metal selected from the 
group consisting of iron, aluminum, beryllium and titanium 
which precipitates as a hydrate, said soluble compouhd 
being used in amount to give about 0.1 gram per liter to 
1.0 gram per liter of metal of said group, and recovering 
a purified solution from the treatment mixture. 

Claim 27. A process for producing a purified manganese 
sulfate solution amenable to electrodeposition of the man¬ 
ganese content thereof, which comprises subjecting a man¬ 
ganese sulfate solution to a preliminary purification tres.t- 
ment which removes substantially all iron and heavy metal 
impurities, said preliminary purification treatment includ¬ 
ing treatment with a soluble sulfide, thereafter treating 
said purified solution maintained at a pH between 7 and 8 
with a soluble sulfate of iron which precipitates as a hy¬ 
drate, said soluble sulfate of iron being used in amount to 
give about 0.1 gram per liter to 1.0 gram per liter of iron, 
and recovering a purified solution from the treatment 
mixture. 

Claim 28. A process for producing a purified manganese 
sulfate solution amenable to electrodeposition of the man¬ 
ganese content thereof, which comprises subjecting 
manganese sulfate solution to a preliminary purificati 
treatment which removes substantially all iron and hea 
metal impurities so that the solution contains not ovfer 
about 0.0001 gram per liter of iron, said preliminary puri¬ 
fication treatment including treatment with a soluble sul¬ 
phide, thereafter treating said purified solution maintained 
at a pH between 7 and 8 with a soluble compound of a mei(al 
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selected from the group consisting of iron, aluminum, 
beryllium and titanium which precipitates as a hydrate, 
said soluble compound being used in amount to give about 
0.1 gram per liter to 1.0 gram per liter of metal of said 
group, and recovering a purified solution from the treat¬ 
ment mixture. 

The references relied upon: 

Hannay 2,259,418 Oct. 14, 1941 

Jacobson 1,137,005 Apr. 27, 1915 

Bureau of Mines Report of Investigations, No. 3406, 
pages 6, 7, and 8. 

Now cited: 

Prescott and Johnson, Qualitative Chemical Analysis, 
5th Edition, pages 114 and 115. Published by D. VanNos- 
trand Co., N. Y., (1901). Copy in Division 59. 

The Contended Invention 

The contended invention is a process for purifying man¬ 
ganese salt solutions. The electrolysis of such solutions to 
deposit manganese requires high purity. Applicant’s 
process involves a preliminary treatment which includes 
addition of a soluble sulfide to remove heavy metals, fol¬ 
lowed by addition of a salt of one of the metals of the 
group consisting of iron, aluminum, beryllium, and tita¬ 
nium in an amount which gives from 0.1 to 1.0 gram per 
liter of the metal ion in solution, at a pH at which the 
metal salt hydrolyzes to the hydroxide. 

Applicant states that the precipitation of heavy metals 
as sulfides leaves colloidal matter in suspension in the solu¬ 
tion, and that this is flocculated and removed by the metal 
hydroxide with precipitates by hydrolysis. 

Applicant also states that the preliminary treatment re¬ 
moves all iron, and that if necessary the solution is sub¬ 
jected to oxidation to effect this. However, the claims 
merely broadly state that iron and other heavy metals are 
removed by a preliminary treatment including treatment 
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with a soluble sulfide and omit any other procedure which 
might remove iron. 

The References 

Hannay shows the process of extracting manganese from 
its ore as a salt, purifying the salt, and electrolyzing it i;o 
manganese metal. The purification is stated to be by pre¬ 
cipitation of metal impurities with hydrogen sulfide after 
removal of iron from the solution. 

The cited portion of the Bureau of Mines report deals 
with the purification of manganese salt solutions to pre¬ 
pare them for electrolysis. The publication teaches adding 
an iron salt to a leach solution at a pH of 7. The purpose 
is to precipitate arsenic, by adsorption on the iron hy¬ 
droxide. 

The Jacobson patent shows the addition of aluminujm 
and iron sulfate to water to clarify it. The sulfates hy¬ 
drolyze, forming aluminum and iron hydroxide precipi¬ 
tates, which carry out of the water any colloidal matter 
present. 

The Prescott and Johnson text is cited merely to sh<^w 
that arsenic is not invariably precipitated by H 2 S. No^e 
10 shows that it must be in a particular valence state, and 
that the hydrogen ion concentration has a marked effect on 
the extent of precipitation when the arsenic is in the cor¬ 
rect valence state. 

The Rejection 

The claims are all rejected as being unpatentable over 
Hannay taken with the Bureau of Mines Report pr 
Jacobson. 

There would be no invention in further treating a solu¬ 
tion, which has been treated with hydrogen sulfide under 
conditions to precipitate heavy metals, to precipitate ar¬ 
senic as is taught by the Bureau of Mines bulletin. Arserjic 
would not necessarily be removed by hydrogen sulfide 
treatment; whether it would or not would depend upon pH 
and other conditions when H 2 S is added. See paragraph 
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10 of Prescott and Johnson cited above. The art would 
therefore be entitled to append the Bureau of Mines iron 
precipitation to the Hannay sulfide treatment for the pur¬ 
pose which the Bureau of mines discloses it. 

Applicant urges that the addition of iron is for a differ¬ 
ent purpose, however. In the sulfide treatment of Hannay, 
colloidal sulfur or sulfides may remain in the solution and 
interfere with the subsequent electrolytic separation of 
manganese. Applicant adds the iron or other salt in order 
to form a flocculent precipitate of iron hydroxide which 
carries down with it the colloidal matter. Use of iron and 
aluminum salts is old for removal of colloidal matter from 
water, as shown by Jacobson, and it would not amount to 
invention to use this way to clarify a manganese sulfate 
solution. 

Applicants have argued that the claims call for addition 
of iron salt to an iron-free solution whereas the Bureau of 
Mines report shows adding iron sulfate to a solution which 
already contains some iron. It is not apparent why this 
should make any difference. The report adds sufficient 
iron salt to bring the resulting iron content within the 
range specified by applicants. It seems obvious that if 
none were initially present, more would have to be added. 

For the reasons stated, rejection of the claims is sub¬ 
mitted to be proper. 

Respectfully submitted, 

P W Shepard 

R.L.C. j Examiner, Division 59 

Stebbins, Blenko & Webb 
P. 0. Box 1376 
Pittsburgh, Penna. 
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IN THE UNITED STATES PATENT OFFICE 
BEFORE THE BOARD OF APPEALS 

Appeal No. 14,259 

In re application of 
Frank W. Woodman et al 
Serial No. 430,258 
Filed February 10, 1942 
For Purification of Manganese Salt Solutions 

Brief for Applicants 

The appealed claims are as follows: 

22. A process for producing a purified manganese salt 
solution amenable to electrodeposition of the manganese 
content thereof, which comprises subjecting a manganese 
salt solution to a preliminary purification treatment winch 
removes substantially all iron and heavy metal impurities, 
said preliminary purification treatment including treat¬ 
ment with a soluble sulfide, thereafter treating said purified 
solution maintained at a pH of at least 4.5 with a soluble 
compound of a metal selected from the group consisting of 
iron, aluminum, beryllium and titanium which precipitates 
as a hydrate, said soluble compound being used in amount 
to give about 0.1 gram per liter to 1.0 gram per liter of 
metal of said group, and recovering a purified solution 
from the treatment mixture. 

26. A process for producing a purified manganese sul¬ 
fate solution amenable to electrodeposition of the man¬ 
ganese content thereof, which comprises subjecting a njian- 
ganese sulfate solution to a preliminary purification treat¬ 
ment which removes substantially all iron and heavy mtetal 
impurities, said preliminary purification treatment includ¬ 
ing treatment with a soluble sulfide, thereafter treating 
said purified solution maintained at a pH between 7 au|d 8 
with a soluble compound of a metal selected from the grjrnp 
consisting of iron, aluminum, beryllium and titanium which 
precipitates as a hydrate, said soluble compound being 
used in amount to give about 0.1 gram per liter to 1.0 gram 
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per liter of metal of said group, and recovering a purified 
solution from the treatment mixture. 

27. A process for producing a purified manganese sul¬ 
fate solution amenable to electrodeposition of the man¬ 
ganese content thereof, which comprises subjecting a 
manganese sulfate solution to a preliminary purification 
treatment which removes substantially all iron and heavy 
metal impurities, said preliminary purification treatment 
including treatment with a soluble sulfide, thereafter treat¬ 
ing said purified solution maintained at a pH between 7 
and 8 with a soluble sulfate of iron which precipitates as a 
hydrate, said soluble sulfate of iron being used in amount 
to give about 0.1 gram per liter to 1.0 gram per liter of 
iron, and recovering a purified solution from the treatment 
mixture. 

28. A process for producing a purified manganese sul¬ 
fate solution amenable to electrodeposition of the man¬ 
ganese content thereof, 'which comprises subjecting a 
manganese sulfate solution to a preliminary purification 
treatment which removes substantially all iron and heavy 
metal impurities so that the solution contains not over 
about 0.0001 gram per liter of iron, said preliminary puri¬ 
fication treatment including treatment with a soluble sul¬ 
phide, thereafter treating said purified solution maintained 
at a pH between 7 and 8 with a soluble compound of a 
metal selected from the group consisting of iron, aluminum, 
beryllium and titanium which precipitates as a hydrate, 
said soluble compound being used in amount to give about 
0.1 gram per liter to 1.0 gram per liter of metal of said 
group, and recovering a purified solution from the treat¬ 
ment mixture. 

The references relied upon are: 

Hannay 2,259,418 Oct. 14, 1941 

Jacobson 1,137,005 Apr. 27, 1915 

Bureau of Mines Report of Investigations, No. 3406, 
pages 6, 7, and 8. 
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The Examiner in the Examiner’s Statement also 
cited: 

Prescott and Johnson, Qualitative Chemical Analyses, 
5th Edition, pages 114 and 115. Published by D. Vafi- 
Nostrand Co., N. Y., (1901). Copy in Division 59. 

Applicants’ Invention 

The invention relates to a process for producing a puri¬ 
fied managnese salt solution which is amenable to electro¬ 
deposition of the manganese content thereof. The elec¬ 
trolysis of such solutions to deposit manganese requires 
high purity. Applicants found that manganese salt solu¬ 
tions which had been purified by known methods but which 
still refused to yield electrodeposited manganese could be 
treated to purify them according to the present invention 
and that after such treatment they could be employed satis¬ 
factorily in the production of electrodeposited manganeste. 
It is emphasized throughout applicants’ specification that 
their treatment is a final treatment which is applied to the 
solution after other known methods of treatment have been 
resorted to and that applicants’ final treating step is per¬ 
formed on a manganese solution which is substantially fr^e 
from all iron and heavy metal impurities such as arsenilp, 
antimony, zinc, cobalt, nickel and copper. 

In applicants’ process the manganese solution is fir^t 
subjected to a preliminary purification treatment whicph 
removes substantially all iron and heavy metal impuritie^. 
This preliminary purification includes as one of its stepk, 
treatment of the solution with a soluble sulfide, as fojr 
example hydrogen sulfide or ammonium sulfide. After thje 
preliminary treatment which includes the employment c)f 
a soluble sulfide has been carried out and the solution js 
substantially free from all iron and heavy metal impurities, 
the solution is given a final treatment at a pH of at least 
4.5 by the addition of iron sulfate or, stated more broadly, 
with a soluble compound of a metal selected from the groujp 
consisting of iron, aluminum, beryllium and titanium, 
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which precipitates as a hydrate. The soluble compound is 
used in amount to give about 0.1 gram per liter to 1.0 gram 
per liter of iron or other metal employed. 

One procedure for purifying a manganese solution so 
as to make it suitable for the electrodeposition of manga¬ 
nese is described in applicants’ specification (page 4, line 
1, to page 5, line 11). This procedure involves the five fol¬ 
lowing steps: 

(1) If the iron concentration of the manganese solution 
obtained by leaching an ore is high, the solution is oxidized 
with air while the pH of the solution is maintained above 

4 or 5. This precipitates the bulk of the iron and also pre¬ 
cipitates arsenic and antimony. 

(2) The precipitate is removed from the solution. 

(3) The solution is treated with hydrogen sulfide or am¬ 
monium sulfide, the pH of the solution being maintained 
above 5. This precipitates substantially all of the iron, 
copper, cobalt, nickel, zinc and other impurities. 

(4) The precipitate is removed, leaving a solution con¬ 
taining only traces of iron, arsenic, cobalt, nickel and cop¬ 
per as for example in the amounts shown in Table 1 on page 
7. 

(5) The manganese solution from which substantially all 
of the iron and other impurities have been removed is then 
treated with ferrous sulfate, the solution being maintained 
at a pH of at least 4.5 and preferably between 7 and 8. The 
solution is allowed to stand, whereon iron hydroxide pre¬ 
cipitates and carries down with it the remaining traces of 
impurities. 

Applicants’ invention resides in the combination of step 

5 with a preliminary purification treatment which removes 
substantially all iron and heavy metal impurities, the pre¬ 
liminary purification step including as one of its features 
the employment of a soluble sulfide. Steps 1 through 4 of 
the above referred to procedure are not set forth in detail 
in the claims because the net effect of these four steps is to 
produce a manganese sulfate solution from which substan¬ 
tially all of the iron and heavy metal impurities have been 
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removed so that the solution is a substantially pure solu¬ 
tion. Applicants’ invention resides in treating a solution 
which contains only traces of impurities, at a pH of 
least 4.5 and preferably between 7 and 8 with ferrous sul¬ 
fate or its equivalent. Thus on page 6 of the specification jit 
is stated: 

“If iron is present in the leach solution, our invention i s 
employed after this iron has been removed substantially 
entirely by previous purification procedures.” 

Table 1 on page 7 gives analyses of four solutions which 
are treated according to the invention. It can be seen from 
this table that applicants’ final purification treatment with 
ferrous sulfate (step 5 above) is not for the purpose of re¬ 
moving iron because the solution before treatment contains 
only 0.0001 gram per liter of iron. The solutions given in 
Table 1, even though they were substantially free from all 
impurities, refused to yield electrodeposited manganese, 
but after treatment according to step 5 above with iron sul¬ 
fate, satisfactorily electrodeposited manganese. 

The References 

Hannay et al. patent 2,259,418 discloses a process of ex¬ 
tracting manganese from its ore as a salt, purifying the 
salt and electrolyzing it to manganese metal. In carrying 
out the purification step the iron is first removed by stand¬ 
ard methods and thereafter the solution is treated with hy¬ 
drogen sulfide to precipitate impurities such as nickel, co¬ 
balt, zinc, lead, arsenic and antimony. 

The cited portion of the Bureau of Mines Report deals 
with the purification of manganese salt solutions to pre¬ 
pare them for electrolysis. The publication teaches adding 
an iron salt and an oxidizing agent (manganese dioxide) 
to an impure leach solution which has not been subjected 
to a preliminary purification and contains .056 gram per 
liter of iron. The purpose is to precipitate iron as iro^i 
hydroxide and also to remove arsenic by adsorption on tb[e 
iron hydroxide. The Examiner at first cited only pages ^ 
and 7 of the Bureau of Mines Report but has now includejl 
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page 8. Page 9 should also be included to complete this dis¬ 
closure. A copy of page 9 is filed herewith. On pages 8 and 
9 of the Report it is stated: 

“A Purification Batch 

* ‘ Referring to a typical purification batch, analysis given 
above: Iron to the extent of 0.05 gram per liter as ferrous 
sulphate was dissolved in the batch, then 0.5 gram per liter 
manganese dioxide from the spent electrolyte was added, 
and the solution was agitated for 3 hours. The solution 
was filtered in all-lead, plate-and-frame-type pressure filter 
press. Analysis of the filtrate showed that iron had dropped 
to 0.25 mg per liter and arsenic to less than 0.05 mg per 
liter. The solution from the filter flowed into a second lead- 
lined tank and was treated with a mixture of 0.3 gram per 
liter of sodium ethyl xanthate and 0.2 gram per liter of 
potassium pentasol xanthate. The solution was stirred by 
hand to obtain complete dissolution of the reagents, and 6 
hours was allowed for complete reaction of the xanthate to 
precipitate cobalt and nickel. The solution was filtered in 
an all-lead, plate- and frame-type pressure filter press and 
pumped into a catholyte feed storage tank, lead-lined, and 
of 800 liters capacity. Nickel and cobalt concentrations of 
the catholyte feed were less than 1 mg per liter, respec¬ 
tively/’ 

The Jacobson patent 1,137,005 shows the addition of 
aluminum and iron sulfate to water to clarify it. The sul¬ 
fates hydrolyze, forming aluminum and iron hydroxide pre¬ 
cipitates, which carry out of the water any colloidal matter 
present. 

The Prescott and Johnson text is cited merely to show 
that arsenic is not invariably precipitated by HsS. 

Argument 

The claims were rejected as being unpatentable over Han- 
nay taken with the Bureau of Mines Report or Jacobson. 
The Examiner has held that there would be no invention in 
further treating a solution, which has been treated with 
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hydrogen sulfide under conditions to precipitate heajvy 
metals, in order to precipitate arsenic, as is taught by the 
Bureau of Mines Report. 

There is no teaching in either Hannay or the Bureau of 
Mines Report of combining the two processes and there cer¬ 
tainly is no teaching of combining the two processes in su|eh 
manner that the Hannay process is first employed and then 
the Bureau of Mines process is employed as a final step. 
It is to be noted particularly, as stated on page 7 of the 
Bureau of Mines Report, that the ferrous sulfate was added 
to the impure leach solution containing .056 gram per liter 
of iron. The solution to which the ferrous sulfate was 
added is the impure solution given in the table at the bot¬ 
tom of page 6 which contains all of the impurities resulting 
from leaching the manganese ore. It contains as impurities 
iron, arsenic, copper, nickel, cobalt and lead. 

The actual process employed according to the Bureau of 
Mines Report is described on pages 8 and 9 of the report 
which have been quoted herein. Iron to the extent of 0.05 
gram per liter as ferrous sulfate was dissolved in the im¬ 
pure leach solution, the composition of which is given in 
the table at the bottom of page 6, and then 0.5 gram per 
liter manganese dioxide from the spent electrolyte was 
added and the solution was agitated for 3 hours. The man¬ 
ganese dioxide was added for the purpose of oxidizing the 
ferrous iron to ferric iron. Reference is made to such 
oxidation on page 7, wherein it is stated: “Oxidation of 
the remaining ferrous iron with air or, more conveniently, 
with manganese dioxide anode slime leads to iron precipi¬ 
tation, as shown in the procedure.” The addition of the 
ferrous sulfate reduced the iron in solution from .056 gram 
per liter to .025 gram per liter, and also lowered the arsenic 
from 0.2 mg per liter to less than 0.05 mg per liter. The 
treatment with ferrous sulfate to remove iron and arsenic 
was followed by a treatment with xanthate to remove co¬ 
balt and nickel. It is thus seen that the Bureau of Mines 
process involves first adding ferrous sulfate to an impure 
leach solution containing a large amount of iron, and there- 





after treating the solution with xanthate to remove cobalt 
and nickel. The manganese solution to which the ferrous 
sulfate is added contained .056 gram per liter of iron, which 
is 560 times the amount of iron contained in applicants’ 
solution as given in Table 1 on page 7. 

Hannay discloses first removing iron and then removing 
impurities such as nickel, cobalt, zinc, lead, arsenic and 
antimony by treatment with hydrogen sulfide. The Bureau 
of Mines Report teaches first removing iron by adding fer¬ 
rous sulfate and thereafter removing cobalt and nickel by 
employing xanthates. In each process the first step is to 
remove iron by treating the impure leach solution. If there 
is any obvious combination of the two processes it would 
be to remove iron by the addition of ferrous sulfate and 
then follow this treatment with a hydrogen sulfide treat¬ 
ment for the removal of cobalt and nickel instead of employ¬ 
ing the xanthate treatment of the Bureau of Mines Report. 
There certainly is no suggestion in either of the references 
to add ferrous sulphate to a solution from which substan¬ 
tially all iron and heavy metal impurities have been re¬ 
moved previously by a preliminary purification treatment. 
Hannay teaches that arsenic, nickel and cobalt are removed 
by the hydrogen sulfide treatment. Since the purpose of 
adding ferrous sulfate according to the Bureau of Mines 
Report is to remove arsenic, it would not be obvious to add 
ferrous sulfate to a solution from which the arsenic had 
already been removed by employing hydrogen sulfide. Fur¬ 
thermore, the Bureau of Mines process reduces arsenic only 
to less than 0.05 mg per liter so that it would not be ob¬ 
vious for applicants, or any one else skilled in the art, to 
add ferrous sulfate to a manganese solution which had al¬ 
ready been purified to such an extent that it contained only 
0.01 mg per liter arsenic as shown in Table 1 of applicants’ 
specification. 

Neither Hannay nor the Bureau of Mines Report teaches 
that there is any particular virtue in employing a treatment 
with hydrogen sulfide and then following wfith a treatment 
with ferrous sulfate. That is the combination covered by 
the appealed claims. 
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The solutions described in Table 1 on page 7 of appli¬ 
cants ’ specification were obtained by oxidizing the solution 
with air to convert the ferrous iron to ferric iron, then re¬ 
moving the precipitated iron, thereafter treating the solu¬ 
tion with hydrogen sulfide and removing the precipitated 
impurities. In other words, the substantially pure solution 
referred to in Table 1 was obtained according to the process 
of the Hannay patent. However, those solutions refused 
to yield electrodeposited manganese. Applicants made the 
discovery that they could be made to yield electrodeposite d 
manganese by further treating them with iron in the form 
of ferric ammonium sulfate. Since the solutions of Table 1 
were already substantially pure solutions (as contrasted 
with the impure solution of the Bureau of Mines Report), 
there was no incentive for applicants to apply any further 
treatment to the solutions. However, they made the at¬ 
tempt and were rewarded by discovering that it made the 
solutions capable of electrodepositing manganese. The ad¬ 
dition of ferrous sulfate to an impure leach solution con¬ 
taining .056 gram per liter of iron in order to reduce the 
iron to .025 gram per liter of iron (see page 8 of the Bureau 
of Mines Report) is an entirely different thing from adding 
ferrous sulfate to a previously purified solution which con¬ 
tains only .0001 gram per liter of iron. One would not or¬ 
dinarily think that any useful purpose would be served by 
adding ferrous sulfate to a solution which already was so 
pure that it contained only .0001 gram per liter of iron. 

The combination of Hannay with Jacobson is not believed 
to be at all pertinent since Jacobson relates merely to the 
purification of water and not to the purification of a man¬ 
ganese salt solution. 

It is submitted that the claims clearly and patentably di 5 - 
tinguish over the references taken singly and also patent¬ 
ably distinguish from any legitimate combination of the 
references, and that the claims should be allowed. 

Respectfully submitted, 

Stebbixs, Blenko & Webb, 

Attorneys for Applicants. 


February 6, 1948. 





DEPARTMENT OF COMMERCE 
UNITED STATES PATENT OFFICE 
WASHINGTON 25, D. C. 

Before the Board of Appeals 

In re application of: 

Frank W. Woodman et al 
Ser. No.: 430,258 
Filed: Feb. 10, 1942 
For: Purification Of Manganese 
Salt Solutions 

Examiner’s Reply Under Rule 137. 

Two grounds of rejection have been used and the brief 
is directed mainly only to one of them. 

The only comment applicants make regarding the rejec¬ 
tion on Hannay taken with Jacobson is the next to the last 
paragraph on page 11 of the brief. The examiner’s posi¬ 
tion on this is that any process for clarification of water 
is obviously equally applicable to clarification of solutions. 
That the problem may be one of removing colloidal matter 
is indicated by applicants’ specification, page 5, last para¬ 
graph. 

The main part of the brief is taken up with a discussion 
of the rejection on the ground that it requires no invention 
to remove any arsenic remaining after treatment with H 2 S 
as in Hannay, by the method shown by the Bureau of Mines 
report to remove arsenic. 

The brief introduces reference to page 9 of the Bureau 
of Mines report. The examiner has no objection its con¬ 
sideration by the Board, but it is not deemed relevant to 
any issue raised on this appeal. The general disclosure of 
adding ferrous sulfate and oxidizing at pH 7 to remove 
arsenic is not affected or restricted any by such further 
treatment as may have been carried out by the authors to 
remove other materials. 

The argument on page 9 of the brief side-steps the issue 
on this ground of rejection. Hannay shows H 2 S precipita¬ 
tion of impurities. The Prescott and Johnson text is cited 
to thow that, to a chemist, it would readily appear that H 2 S 
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would not necessarily remove all arsenic. It would not Re¬ 
quire invention to remove any remaining arsenic by adding 
a ferrous salt, oxidizing, and hydrolyzing at pH 7 to pre¬ 
cipitate the iron and arsenic as taught by the Bureau of 
Mines report. The claims read on such an obvious pro¬ 
cedure. There is no mechanistic concept in this rejection of 
substituting specific element X of A for that shown by B in 
an old combination, as applicants appear to believe is neces¬ 
sary in order to combine references. 

On page 10 the brief applicants argue that there wor ld 
be no point in view of the art cited in treating a solution 
containing less than 0.01 mg. per liter of arsenic in order to 
remove arsenic. The argument is irrelevant since not otie 
of the rejected claims specifies how much arsenic is in the 
solution treated. Applicants refer to the specification as 
showing such a value, but the figures set out in the spe¬ 
cification are given by way of example only and the lajst 
three lines of the specification state that applicants do nbt 
wish to be limited except by the definition in the claims. 

Page 10 of the brief again raises the point that the Bu¬ 
reau of Mines report mentions reduction of arsenic to lefes 
than 0.05 mg. per liter. This final figure is higher than that 
with which applicants argue that they start. Howevejr, 
aside from the fact that the claims do not specify any valpe, 
it must be pointed out that the figure given by the publica¬ 
tion is an upper limit. Applicants are not justified in in¬ 
ferring that there must be as much as 0.05 mg. per liter pf 
arsenic present where the reference says less than 0.05 mp.; 
the actual value may be much less than this and if the pripr 
workers used a test sensitive only to the extent of 0.05 m&. 
per liter, they could ethically report only that the arsenic 
is below this figure even though in fact no arsenic at all 
remained. Moreover, no reason is seen why a treatment 
which removes a portion of arsenic when a substantial 
amount is present, should not also be expected remove soipe 
arsenic when only a lesser amount is initially present. 

Respectfully submitted, 

P. W. Shepard, 
Examiner, Division 59. 

R.L.C. 
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Decision of the Board of Appeals. 

Appeal No. 14,259 LB 

Hearing: March 10, 1948 

IN THE UNITED STATES PATENT OFFICE 

Before the Board of Appeals 

Ex parte Frank W. Woodman and Miles B. Royer 

Application for Patent filed February 10, 1942, Serial 
No. 430,258. Purification of Manganese Salt Solutions. 
Messrs. Stebbins, Blenko and Webb for applicants. 

Appellants had appealed from the final rejection of 
claims 14 to 19 and 21 to 25, both inclusive. Since filing the 
appeal, however, they have cancelled all but claim 22 and 
added new claims 26, 27 and 28. The issue now is with re¬ 
spect to claims 22, 26, 27 and 28. No claims have been al¬ 
lowed. 

Claim 22 is representative of the subject matter on ap¬ 
peal and is reproduced herebelow: 

22. A process for producing a purified manganese salt 
solution amenable to electrodeposition of the manganese 
content thereof, which comprises subjecting a manganese 
salt solution to a preliminary purification treatment which 
removes substantially all iron and heavy metal impurities, 
said preliminary purification treatment including treatment 
with a soluble sulfide, thereafter treating said purified solu¬ 
tion maintained at a pH of at least 4.5 with a soluble com¬ 
pound of a metal selected from the group consisting of iron, 
aluminum, beryllium and titanium which precipitates as a 
hydrate, said soluble compound being used in amount to 
give about 0.1 gram per liter to 1.0 gram per liter of metal 
of said group, and recovering a purified solution from the 
treatment mixture. 

The references relied upon are: 

Jacobson, 1,137,005, Apr. 27, 1915. 

Hannay et al, 2,259,418, Oct. 14, 1941. 

Bureau of Mines Report of Investigations, No. 3406, 
pages 6, 7 and 8. 
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Prescott and Johnson, Qualitative Chemical Analysis, nth 
Edition, pages 114 and 115. Published by D. VanNostrajnd 
Co., N. Y., (1901). 

The appealed subject matter relates to a process for the 
production of a purified manganese salt solution, particu¬ 
larly a manganese sulphate solution containing ammonium 
sulphate. In carrying out the process, the manganese ore 
is calcined and leached. After the iron originally in the 
calcined and leached ore has been reduced to a negligable 
amount (.0001 gms. per liter) and other impurities substan¬ 
tially reduced by suitable processes including the addition 
to the leach of soluble sulphide compounds, appellants add 
a controlled amount of iron salts to give 0.1 to 1.0 grams 
per liter of metallic iron in solution at a pH at which the 
metal salt hydrolizes to the hydroxide. Appellants state 
that the manganese salt solution after this treatment will 
yield a substantially chemically pure manganese salt and 
will be a solution which will yield to electrodeposition of 
the manganese where otherwise treated it would not. Ap¬ 
pellants are not certain why this solution after the iron 
dosing is amenable to electrodeposition while allegedly 
other solutions are not, but speculates that traces of impuri¬ 
ties may be removed in part by chemical action and in part 
by inclusion of microscopic particles or sulphur in the col¬ 
loids formed in the solution. Appellants contemplate using 
salts of metals other than iron so long as they are capable 
of forming floes or precipitates. 

The Bureau of Mines report discloses successful electro¬ 
deposition of manganese in which the leached liquor fronj a 
manganese ore is treated with an iron salt to precipitate 
out the major portion of the iron salts and, along with 
it, arsenic. Prior to passing to the electrolytic cell, xan- 
thates, sulphur dioxide and “Goulac,” a sulphite paper 
by-product, are added to the liquor. It is apparently tte 
Examiner’s position that the addition to the leaching liquor 
of iron, in any amount necessary to effect the precipitation 
of the iron salts contained in the solution and the arsenic, 
either during the initial portion of the clarification of tjie 
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manganese solution or subsequently to other treatment, is 
not patentable. Appellants argue that their method ef¬ 
fects clarification of the solution to such extent as to permit 
electrodeposition of the metal with solutions where a single 
step clarification is not effective. However, the Bureau of 
Mines report indicates that the method therein described is 
operative and it should be clear that if initially insufficient 
iron is present in the solution to effect proper precipitation 
of impurities, more iron could be added, without invention. 
We agree with the Examiner that the claims are unpatent¬ 
able over the publication particularly in view of Hannay 
et al who on page 2, lines 11 to 15 describes the use of hy¬ 
drogen sulphide as a means to precipitate out metallic im¬ 
purities and who, substantially, discloses all of appellants’ 
process except the last step of adding more iron. 

Furthermore, appellants’ additional step of adding iron 
as described on page 3, lines 13 to 19 and in line 20, page 6, 
is only by preference a final step. In such a case, the claims 
state no invention over the “Purification Batch” on page 
8 of the Bureau Report where the iron sulphate is first 
added and the sulphide (Xanthate) treatment is the final 
step. The result seems to be the same; that is, manganese 
is successfully deposited and the Bureau Report shows, in 
general, the same current efficiency as do appellants. 

The Examiner has also rejected the claims as unpatent¬ 
able over Hannay et al in view of Jacobson. The latter 
patent discloses the purification of drinking water by the 
addition of a metallic salt to ultimately precipitate out, as a 
sulphate, metallic iron. We do not believe that the exist¬ 
ence of the Jacobson patent teaches tacking on the step 
therein performed to what is performed in Hannay et al nor 
is there any suggestion that the processes ought to be com¬ 
bined. 

The decision of the Examiner is affirmed. 

In event of appeal attention is directed to In re Boyce, 
32 C.C.P.A. 718; 144 Fed. (2d) 896; 1944 C. D. 609; 568 
O.G. 568; 63 TT.S.P.Q. 80, in regard to specifically including 
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in the appeal notice all grounds of rejection in the Exam¬ 
iner’s Statement not expressly overruled by the Board. 

Board of Appears j 

F. J. Porter, 

Examiner-in-Chief. 

L. P. McCann, 

Examiner-in-Chief . 

Michael Hertz, 
Examiner-in-Chief. 

(Acting) 

March 26, 1948 

Messrs. Stebbxns, Blenko & Webb 
1319 Farmers Bank Building 
Pittsburgh 22, Pennsylvania 
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IN THE UNITED STATES PATENT OFFICE 
BEFORE THE BOARD OF APPEALS 

Appeal No. 14,259. 

In re application of Frank W. Woodman et al Serial No. 
430,258 Filed February 10, 1942 For Purification of 
Manganese Salt Solutions 

Petition for Reconsideration. 

We ask reconsideration of the Board of Appeals’ deci¬ 
sion dated March 26, 1948, the principal grounds of our re¬ 
quest being that the Board erred in holding: 

1. That results equivalent to applicants’ results are ob¬ 
tained according to the Bureau of Mines report. 

2. That invention is not involved in adding more iron 
to the Bureau of Mines process or to the Hannay process. 

I 

In the purification of a manganese salt solution accord¬ 
ing to the Woodman et al. process, assuming that the man¬ 
ganese solution contains as impurities iron, arsenic, anti¬ 
mony, copper, cobalt, nickel and zinc, the principal steps 
are as follows: 

1. The solution is oxidized with air. This precipitates 
the bulk of the iron. Arsenic and antimony also precipitate 
as iron compounds, but the other impurities such as copper, 
cobalt, nickel and zinc remain in solution. The precipitate 
is then filtered from the solution. 

2. Ammonium sulphide or hydrogen sulphide is added, 
thus converting the copper, cobalt, nickel, zinc and remain¬ 
ing iron to the sulphides. A large part of all of these sul¬ 
phides precipitate and are removed from the solution by 
filtration. It is believed, however, that traces of these sul¬ 
phides remain in solution and account for the fact that the 
solution is not amenable to continuous electrodeposition 
of manganese. The quantities of impurities remaining in 
the solution at this stage of the process are so small that it 
is not possible to determine them with precision. 
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3. Ferrous sulphate is added to the solution at a pH of 
at least 4.5. On standing a relatively short time, a floe of 
iron compounds, preponderantly hydrates, is precipitated. 
This floe or precipitate is believed to remove the traces of 
harmful impurities, such as the sulphides of copper, cobalt, 
nickel and zinc which remained after the sulphide treat¬ 
ment. 

The process disclosed in the Bureau of Mines report is as 
follows: 

1. Ferrous sulphate is added to the impure manganese 
leach solution to precipitate iron and arsenic. This has no 
effect on the cobalt, nickel or other impurities. 

2. The solution is treated with a xanthate. This precipi¬ 
tates cobalt and nickel, which are filtered from the solution. 

It is believed that the xanthate treatment leaves traces 
of cobalt and nickel compounds in the solution, but the 
Bureau of Mines report teaches nothing with regard to re¬ 
moving these traces of impurities. 

The Hannay patent 2,259,418 discloses a process involv¬ 
ing the following steps: 

1. Iron is removed by “standard methods.’’ 

2. Hydrogen sulphide is added to remove impurities such 
as nickel, cobalt, zinc, lead, iron, arsenic and antimony. 

n 


The Board of Appeals in its decision agreed with the 
Examiner’s position that the addition to the leaching liquor 
of iron, in any amount necessary to effect the precipitation 
of the iron salts contained in the solution and the arsenic, 
either during the initial portion of the clarification of the 
manganese solution or subsequently to other treatment, is 
not patentable. The Board of Appeals decision states “It 
should be clear that if initially insufficient iron is present 
in the solution to effect proper precipitation of impurities, 
more iron could be added, without invention.” 

A distinction must be drawn between iron added prior to 
a sulphide treatment and iron added after a sulphide treat- 
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ment. Iron added before a sulphide treatment is for the 
purpose of removing iron and arsenic. It does not remove 
cobalt, nickel or other impurities. The treatment of the 
solution with hydrogen sulphide converts nickel, cobalt and 
other metal impurities into the sulphides and causes the 
largest part of these sulphides to precipitate so that they 
can be removed. However, traces of these sulphides re¬ 
main in solution. The addition of iron after a sulphide 
treatment is not for the purpose of removing iron or ar¬ 
senic but is for the purpose of removing the sulphides of 
nickel, cobalt and other metals remaining in solution from 
the sulphide treatment. 

There is no teaching in the Bureau of Mines report or 
the Hannay patent that iron should be added following a 
sulphide treatment. According to the Bureau of Mines re¬ 
port, iron is added for the purpose of removing iron and 
arsenic. This is followed by a xanthate treatment for the 
removal of nickel and copper. Since at this stage iron, 
arsenic, cobalt and nickel have been removed, there would 
be no incentive for adding on another step of adding iron, 
since the purpose in adding iron initially has already been 
accomplished. 

Similarly, in the Hannay process iron is first removed, 
then the solution is treated with hydrogen sulphide to re¬ 
move the remaining iron as well as arsenic, antimony and 
other impurities. Since the purpose of the Bureau of Mines 
process in adding iron is to remove iron and arsenic, and 
since iron and arsenic have already been removed by hy¬ 
drogen sulphide in the Hannay process, there would be no 
incentive for anyone to tack on to the Hannay process the 
additional step of adding further iron. 

Referring to the paragraph beginning at the bottom of 
page 3 of the Board’s decision, it is to be noted that each 
of applicants’ claims sets forth a preliminary step includ¬ 
ing treatment with a soluble sulphide and a subsequent step 
of adding iron. Irrespective of applicants’ disclosure, his 
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claims are to a preliminary sulphide treatment followed by 
a subsequent iron treatment. This is the reverse of the 
order of steps in the Bureau of Mines report. 

ni 

The Board of Appeals decision holds, in effect, that the 
results accomplished according to the present invention are 
no better than those accomplished according to the Bureau 
of Mines process. As a matter of fact, this is not the case. 
The applicants were formerly employees of the Bureau of 
Mines and are familiar with the process described in the 
Bureau of Mines report. The process according to the Bu¬ 
reau of Mines report involves the two steps of first adding 
ferrous sulphate to remove iron and arsenic and then fol¬ 
lowing this with a xanthate treatment to remove cobalt and 
nickel. This was stage 1 of the Bureau of Mines work. 
The current efficiency was relatively low and the purity of 
the solution not as high as desired. Stage 2 of the Bureau 
of Mines work was the substitution of hydrogen sulphi de 
or ammonium sulphide for the xanthate of stage 1. This 
increased the current efficiency slightly and produced a 
purer manganese solution. The current efficiency at this 
stage was about 50 to 55. It was after stage 2 had been 
reached that applicants entered the picture in their work 
at the Bureau of Mines. Applicants added on the step of 
treating the solution with iron following the sulphide treat¬ 
ment. This raised the current efficiency to about 60-70 and 
considerably improved the deposition of manganese. Stages 
1 and 2 of the Bureau of Mines report were carried out by 
investigators other than the present applicants. It did not 
occur to these prior investigators to add on the step of add¬ 
ing iron subsequent to a preliminary sulphide treatment. 
In view of the fact that it did not occur to prior investiga¬ 
tors of the Bureau of Mines, and in view of the fact tha t it 
produces substantially superior results, it is submitted that 
invention was involved. 
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Some of the information embodied herein has only just 
been received. Otherwise it would have been presented 
earlier. 

Respectfully submitted, 


April 14, 1948. 


Stebbins, Blenko & Webb, 

Attorneys for Applicants. 
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Decision on Petition for Reconsideration. 

Appeal No. 14,259 ^)H 

IN THE UNITED STATES PATENT OFFICE 
Before the Board of Appeals 

Ex parte Frank W. Woodman and Miles B. Royer 
Application for Patent filed February 10, 1942, Serial 
No. 430,258. Purification of Manganese Salt Solutions. 
Messrs. Stebbins, Blenko and Webb for appellants. 


On Petition for Reconsideration 

This is a petition for reconsideration of the Board’s d< 
sion dated March 26, 1948. 

Appellants argue, in Section III of the petition, that 
current efficiency in their process is about 60-70, wher 
the current efficiency in Stage 2 of the Bureau of Mi: 
work was about 50 to 55. These figures are given in 
petition as “facts” but the statement is not in the form 
an affidavit so that we cannot consider the allegations as 
the alleged facts relative to the current efficiency in apj 
lants’ process. 

Furthermore, the current efficiency is not, per se, an < 
ment of the claimed invention but is a feature of the dep< 
tion process not claimed. 

Appellants have made a statement under oath as to 
current efficiency under certan conditions. See specifi 
tion, page 8, Table III. These efficiencies are generally 
the order of those obtained by Hannay et al and, whil 
current efficiency of 63.06 was obtained in Test 4, this \ 
due to the increase in voltage and current density and : 
to the method of purifying the solutions because Soluti< 
3 and 4 are identical. 


v 
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The petition is granted as to reconsideration, but is de¬ 
nied as to any change in our decision. 

Board of Appeals 

F. J. Porter, 

Examiner-in-Chief. 

L. P. McCann, 
Examiner-in-Chief. 

Michael Hertz 
Examin e r-in-C hief. 

(Acting) 

September 28, 1948 

Messrs. Stebbins, Blenko & Webb, 

1319 Farmers Bank Building, 

Pittsburgh 22, Pennsylvania. 
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Plow Diagram 


Remarks 

PiamLlifs EXHIBIT NO: 



(1) Subjected to a reducing roast 


(2) The leach solution contains manganese sulphate 
and ammonium sulphate and impurities such as 
the sulphates of iron,arsenic,copper,nickel,etc, 

(3) 


(5) The solution is oxidized with air,. This precipe 
itates the iron,which car-ies down with it the 
arsenic If euffl~ier.t iron is present i*» *’*» 

s >1 .tics. Ad! it lend '.a tilled if an insuf¬ 

ficient amount is obtainable from the leaching 
of the ore.. This step does not precipitate, the 
c-pper or nickel because they are present in the 
solution as sulphates, ^ 

(6) The precipitate of iron and arsenic is filtered 
off,. 


(8) The filtrate is treated vrith hydrogen sxilpMde 
to concert the sulphates cf copper and nickel to 
sulphides some of which precipitates and are 
filtered off. However,cooper and nickel sulphides 
are somewhat soluble In the solution so that the 
precipitation of copper and nickel sulptides is 
not complete and small .r , «»n*s of copper and 
nickel sulphides remain dissolved in the solution. 
The solution is filterec and is sparkling clear 
but contains traces of copper and nickel sulphides 
in solution. This solution is not suitable for 
electrodepositing manganese. 


(11) Iron(as ferrous sulphate) is added to the sol¬ 
ution containing cooper and nickel sulphides In 
solution,, Done of the ferrous sulphate reacts with 
the copper sulphide and with th■ nickel sulphide 
to form iron-copper and iron-nickel sulphides, 
such compounds being lest soluble then copper 
sulphide and nickel sulphide and therefore preci¬ 
pitate. 

Any excess iron precipitates as iron hydroxide. 

The precipitate is then filtered off,the filtrate 
being suitable for the electrodepositing of 
manganese. 




























R. I. 3406 


111 


j w at-t 

JhN i i) ;!s5i 
'-mi i S 3 & 


UNITED STATES 

Department of the Interior 
Harold L. Ickes, Secretary 


July 1938 


BUREAU OF MINES 
John W. Finch, Director 


4 

» 



r~ \f »* • 
^/\1 i : 




» 

REPORT OF INVESTIGATIONS 




PROGRESS REPORTS - METALLURGICAL. DIVISION 

23. ELECTROMETALLURGICAL INVESTIGATIONS 

Electrolytic Manganese, by S. M. Shelton, M. B. Royer, and A. P. Towne. 

Boulder City, Nev., Electrometallurgical Laboratory, by J. Koster and 

R. G. Knickerbocker. 

Pullman, Wash., Unit, Electrometallurgical Section, by H. A. Doerner. 


I 


► 






THIS REPORT HAS SERVED YOUR PURPOSE AND IF YOU HAVE NO FURTHER NIEED FOR IT. PLEASE RETURN FT TO 
THE BUREAU OF MINES. USING THE OFFICIAL MAILING LABEL ON THE INSIDE OF THE BACK COVER. 




112 


R. I. 3^06 


Ho attest was made to obtain optimum particle size for roasting and 
leaching. It was found that the crushing and grinding, as given, furnished 
a satisfactory particle size for the porous ore. Subsequent tests of a 
hard, dense, manganese ore proved that a much finer grinding would he re¬ 
quired for efficient leaching. It is to he expected that the best grinding 
conditions will depend on the ore texture, and large differences in texture 
are encountered with different manganese ores. 


Roastin* 


The reduction.of manganese dioxide to manganous oxide in ore has been 
studied and reported by the Bureau of Mines, 2J Ore is heated to 600° to 
700° C. for 30 to 60 minutes in a strongly reducing atmosphere, and is. 
‘cooled in a reducing atmosphere to. less than 100° C, before contact with 
air. Hot manganous oxide is unstable ahd easily oxidizable. It is im¬ 
perative that the heated ore be protected carefully from oxidation until 
the temperature is less than 100° C. Ho evidence of oxidation of the re¬ 
duced calcine at room temperature has been observed, although the calcine 
frequently was exposed to the air for a week or more during operation of 
the experimental pilot plant. 


A rotating kiln-type furnace, with cooling chamber attached, was con¬ 
structed as shown in figure 1. The rotating tube yd thin the firebox was 
made of Duriron reinforced tube. The cooling-chamber tube was made of. 
ordinary pipe steel. The feed hopper was held against the end of the tube 
with a spring holder, as shown, to allow for thermal expansion and con¬ 
traction of the tube and at the same time to make a reasonable tight joint. 
The feed hopper was kept full of crushed ore and the rate of feed into the 
tube was controlled by a plunger. Cooled reduced ore at the end of the cool¬ 
ing chamber fell through a cast-iron pipe tee connected to the cooling 
chamber with a slip joint, and into a receiving hopper made of zinc-coated 
sheet iron and tightly connected to the tee by a pipe nipple. 


Thermocouples inserted in the firebox, as shown, were calibrated 
against thermocouples inserted through the feed end, inside of the tube, 
with the tube rotating and before the furnace was charged vdth ore. The 
furnace was rotated with a 1-horsepower electric motor and reducing gear 
through a chain drive at a rate of 6.7 revolutions per minute. 


Ore was roasted in batches of S5 pounds to fill the receiving hopper.. 
With continuous discharge of the calcine, the capacity of the furnace would 
be approximately 1 ton of ore per 24 hoilrs in continuous operation. Roast¬ 
ing procedure vra.s to heat the furnace to the desired temperature with an 


oil burner. Baffles in the firebox were adjusted to obtain equal tempera^- 
tures at the two thermocouples. TChen a tube temperature of 65 O 0 C. was 
attained, ore was hand-fed through the hopper. One hour was required to 


feed a batch of 85 pounds. Constant temperature in the furnace was _ 

6/ Clevenger, G. K., and Caron, M. H. ” The Treatment of Manganese-Silver 
Ores: Bull. 226, Bureau of Mines, 1925. HO pp# 


673s 
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maintained for 2 hours after feeding, and an additional hour of rotating 
was allowed for the ore to reach the receiving hopper. An excess of n true 
oil" - type J/ city gas was fed through the tube to a burner outlet during 
the entire operation. A typical analysis of the gas, furnished by the gas 
company, is as follows: 


Constituent 

Percent 

Constituent 

Percent 

CO .... 

8 . S' 

°2 .* • 

, 0*3 

Illuminants 

2.5 

*2 . 

4.5 

CHj, .... 

H 2 .... 
COo•••• 

29.2 

h 2 s. 

Trace. 

53.5 • 
1.2 

B.t.u. per cubic foot. 

553 


No attempt was made to measure gas consumption with batch operation 
because no relationship could be drawn between conoumption for batch oper¬ 
ation and consumption for continuous operation. 

The ore, initially black, changed to a pale-green color during the 
roasting process. 


Leaching and Purification 

Laboratory tests have shown that at least 99 percent of the ma n ganese 
content of the ore'can be. leached readily with a two-stage leaching pro¬ 
cedure. Limited facilities in the experimental pilot plant made it nec¬ 
essary to restrict the procedure to a single-stage batch leach. The pro¬ 
cedure and flow lines used in the experimental pilot plant for leaching 
the calcine and purifying the leach solution are represented in the flow 
sheet (fig. 2 ). 

Calcine and spent electrolyte, with enough acid added to produce a 
neutral leach solution containing 25 grams manganese per liter, were mixed 
in two 100-liter barrels with wooden impellers. A typical batch consisted 
of 13 pounds ( 5.9 kilograms) of calcine, SO liters of solution containing 
200 grams per liter of ammonium sulphate, 9 grams per liter of ma ng anese 
sulphate, an d 44 grams per liter of sulphuric acid. After a 2-hour agitac¬ 
tion period, the pulp was drawn off and filtered in a recessed-plate type, 
cast-iron, pressure filter press. The filtrate contained 200 grams per 
liter of ammonium sulphate, 25 grams per liter of manganese as manganese 
sulphate, ■ and small quantities of impurities. 

The SO-liter leaching batches were filtered into a lead-lined tank 
until a purification batch of 400 liters accumulated. Typical analysis 
of a purification batch before treatment is: 


Constituent 

Grams per liter 

Constituent 

Grams per liter 

Wn - 

25.25 

196.8 

.056 

.0002 

Cu.. 

<0.0005 
.01 
.009 
< .001 

NH^SO^ •. 

Pe.. 

As «**.«• 

Co.. 

Pb. 


J Gas made from the destructive distillation of crude oil. 

>738 - 6 - 


i 












Ill 



fijjr* Fi» ttiMt for taacliing or* ud purifying laacn aolution in tha axpariaantal pilot plant. 

















Harmful impurities, including iron, copper, arsenic, cobalt, and nickel, 
if present in the ore, must be reduced to low concentrations. Methods for. 
purification developed in the electrolytic zinc industry Zf are applicable, 
with certain modifications, to the purification of manganese sulphate solu¬ 
tion. Methods of purification have not been explored completely. 

Manganese hydrolyzes -and precipitates from a manganese sulphate solu¬ 
tion when the solution is more basic than a pH of 7*0» provided that am¬ 
monium sulphate is absent from the solution. In the presence of ammonium 
sulphate, however, manganese can be held in solution at a pH greater than 
10 . 0 , whereas acid and amnionical zinc sulphate solutions are quite stable. 

The maximum pH obtainable with a zinc oxide leach is on the order of 
5*3 ^0 5*8. Manganous oxide ore leaches readily to a pH of 7*5 to 8.0. 

The zinc ion has a great affinity for sulphide ion in a neutral solution 
and interferes with the .precipitation of many impurities as sulphides. 
Manganous sulphide is more soluble and can be used as a precipitating agent 
for several impurities - the degree of purification depending, of course, 
on the solubility of the sulphide compound formed. 

IMPURITIES IN MANGANESE ELECTROLYTE 

Individual impurities in manganese electrolyte will be considered. 

Iron . - It has been found that the solubility of ferric iron in man¬ 
ganese sulphate solution in the presence of ammonium sulphate is less than 
O .3 mg per liter at a pH range of 7*0 to S.O. The manganous ion is more 
readily leachable and apparently replaces the ferrous iron in solution in 
the leaching stage to a large degree. Oxidation of the remaining ferrous 
iron with air or, more conveniently, with manganese dioxide anode slime 
leads to iron precipitation, as shown in the procedure. 


Arsenic . - In line with electrolytic zinc practice, arsenic is either 
chemically combined or adsorbed in the precipitation of ferric iron, leav¬ 
ing concentrations of arsenic at less than 0.05 mg per liter at a solution 
pH of 7.0, provided that sufficient iron is precipitated. It was found 
that a ferrous-iron concentration of 0.1 gram per liter was desirable for 
reducing the arsenic content from 1 mg per liter to less than 0 . 05 .mg -per 
liter. Accordingly, ferrous iron in the form of metallic iron or ferrous 
sulphate was added to the inpure leach solution when the ferrous-iron 


content was less than 0.1 gm per liter. _ 

Zf; Laist, P., Frick, F.E., Elton, J.O., and Copies, E.3., Electrolytic 

Zinc Plant of Anaconda Copper Mining Co. at Great Palls, Mont.: 
Trans., A.I.M.E., vol. 64, 1920,' p. 699 . 

Tainton, U.C., and Leyson, L.T,., Electrolytic Zinc from Complex On 
Trans.. A.I.M.E., vol. 70. 1924, p r 4So. 

Snow. w,C.. Electrolytic Zinc at Hisdon. Tasmania: Trans. A.T.M.i 


nton, U.C., and Leyson, L.T,., electrolytic Zinc from Complex Ores* 
ns.. A.I.M.E., vol. 70. 1924, p r 4So. 

vol W ’lIi C ‘iql ectr ^ tic 2in ° Rlsdon *. Tasmania: Trans., A.I.M.E., 

Stimmel, *B.A., ’h.annay, U.H., and McBean, K.L., Electrolytic Zinc Plant 
of the Consolidated Mining and Smelting Co. of Canada, Ltd.: 

Trans., A.I.M.E., vol. 121, I 936 , p. 540. 
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Copper , - Usual practice of copper removal is replacement either "by 
contact with iron in the form of scrap or with zinc in the form of powder. 
Both methods are applicable to manganese electrolyte purification, provided 
that the introduced impurity is removed. Iron can he removed as shown and 
zinc can he removed by sulphide precipitation. Copper can he precipitated 
directly with the sulphide ion. 

In preliminary work with the ore, which was leached directly with 
sulphurous acid, and in sulphuric acid after a reducing roast, using powdered 
coal instead of city gas, copper was usually present in the electrolyte to' 
the extent of JO ng per liter, or more. The copper content was reduced to 
concentrations of less than 1 mg per liter by slow circulation through 
trays of iron nails, which were hand-stirred to maintain clean surfaces. 

leach solutions of calcine, treated as described with city gas, con¬ 
tained 0.5 og per liter, or less, of copper. The highly selective leach*r 
ing was due either to complete reduction of more readily leachable man¬ 
ganese in the ore or to the presence of small quantities of hydrogen sul¬ 
phide in the reducing gas, which formed insoluble copper sulphide in the 
calcine• 

Cobalt and nickel . — Like copper, cobalt and nickel can he pre¬ 
cipitated by replacement with powdered zinc and subsequent zinc precipita- 
tion. The sulphide ion will precipitate both cobalt and nickel to the ex¬ 
tent of the solubility of the respective sulphides. 

Alpha nitroso beta naphthol is used as a precipitating agent for cobalt 
in at least two electrolytic zinc plants 2 /* with apparently successful 
results; but its adaptability to cobalt in manganese electrolyte has not 
been studied thoroughly. 

Xanthates,. such as potassium pentasol xanthate and sodium ethyl xanthate, 
were found to he convenient agents for precipitating both nickel and cobalt 
from neutral manganese electrolyte and were used for that purpose. 

A Purification Batch 


Referring to a typical purification batch, analysis given above; Iron 
to the extent of 0.05 gram per liter as ferrous sulphate was dissolved in 
the batch, then 0.5 gram per liter manganese dioxide from the spent 
electrolyte was added, and the solution was agitated for 3 hours. The 
solution was filtered in all-lead, plate-and frame-type pressure filter 
press. Analysis of the filtrate showed that iron had dropped to 0.25 mg 
per liter and arsenic to less than 0.05 mg per liter. .The solution from 
the filter flowed into a second lead-lined tank and was treated with a mix¬ 
ture of O .3 gram per liter of sodium ethyl xanthate and 0.2 gram per liter 
of potassium pentasol xanthate.. The solution was stirred by hand to obtai n 
2 / Snow, W. cV, Work cited (footnote S) . t 

Stimmel, B.A., Hannay, W.H., and McB 3 an, KJ),; 77ork cited (footnote S) • 
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complete dissolution of the reagents, ana 6 hours was allowed for complete 
reaction of the xanthate to precipitate cobalt and nickel. The solution 
was filtered in an all-lead, plate- and frame-type pressure filter press ■ 
and pumped into a catholyte feed storage tank, lead-lined, and of 800 liters 
capacity. ^Nickel and cobalt concentrations of the catholyte feed were less 
than 1 mg per liter, respectively. 

Sulphur dioxide was added direct to the catholyte feed storage tank, 
until the analysis (using the iodine method) showed approximately 0.1 gram 
of sulphur dioxide per liter. Addition agents, usually glue or other or¬ 
ganic colloids, frequently are added to electrolytes in the electrodeposi¬ 
tion of metals to improve the surface texture of the deposit and to prevent 
the growth of porous areas and n trees* n ,T Goulac ,l, , a sulphite paper by¬ 
product, was added to the catholyte feed to the esxtent of 6 mg per liter or 
0.04 pound per 100 pounds of electrolytic manganese. Whether the addition 
agent was beneficial is questionable. Undoubtedly, the solution picked -up 
collodial material from the new cathode frames* from wooden leaching tanks, 
and in other contacts with wood in the circuit. Some of the extracted 
organic compounds are possibly beneficial, others are probably detrimental 
particularly with respect to current efficiency. It is believed that con¬ 
clusive results from the effect of colloids, added intentionally or other¬ 
wise, can be had only from long-time, large-scale operation. 

Spent Electrolyte 

The spent electrolyte from the cell contained approximately 3 grams 
per liter manganese as manganese sulphate, 5 grams per liter manganese sus¬ 
pended as hydrated manganese dioxide, the original approximating 200 grams 
per liter ammonium sulphate and 30 grams per liter sulphuric acid. 

The spent electrolyte was filtered in a percolating-type filter, which 
consisted of a lead-lined tank 9 by 6 feet and 8 inches deep. A wooden 
frame was placed over the tank to support a sheet of muslin cloth. The 
spent electrolyte flowed into the cloth, which filtered out the manganese 
dioxide and clear solution dripped into the tank to drain into a small 
storage tank. Part of the solution was then pumped to the anolyte feed 
storage tank for recirculation through the cells, and the rest was pumped 
to the leaching tanks and used, with additional stcid, to treat calcine again. 

Corroding-grade lead was used for all lead linings in the circuit. 

SmA.1T leaks in the lining required frequent addition of ammonium sulphate 
and sulphuric acid to the circuit and interfered with any study of the cum¬ 
ulative effect of impurities. 


ELECTROLYSIS 


Power for electrolysis was supplied by a three-unit motor-gen©r<itor 
set consisting of two , 6 -volt, 1 , 150 -r.p.m,, double commutator 

generators mounted on a common bedplate and direct-connected to a 15 -horse' 
power, 3 -phase, 440-volt, 60-cycle motor, A field rheostat was used for 
voltage adjustment. 
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INTRODUCTION 

Manganese is a metal of strategic importance. Each net ton of steel 
requires approximately 12.5 pounds of manganese, and this, with its many 
other uses, will require about 1,20C,0C0 tons of 50-percent ore in 1942. 

Until recently the United States imported about 96 percent of its require¬ 
ments from Russia, South America, and South Africa, but with the war con¬ 
ditions in Europe and the lack of ships for transportation even from those 
sources where ore is still available the Nation will be dependent to a great 
extent upon domestic sources for ore. 

Although there are large quantities of manganese ore ^ in the United 
States, most of it is low-grade and cannot be used for the production of 
ferromanganese. 

Since the electrolytic production of manganese offers a method whereby 
the extensive deposits of low-grade manganese of this country can be utilized, 
work was undertaken at the Boulder City (Nevada) Experiment Station of the 
Bureau of Mines to test existing procedures and to develop mthods where¬ 
by manganese could be produced by electrolysis more economically than 
heretofore. 


Although manganese for use in steel can be produced by electrolysis, 
it is believed' that at the end of the present emergency there will be suf¬ 
ficient demahd for pure manganese as an alloying element to support an 
electrolytic-manganese industry. New uses for electrolytic manganese as . 
a base for nonferrous alloys have been reviewed by Dean and co-workers.-*' 


It is to be emphasized that the results shown in this paper were obtained 
on a small scale laboratory basis. At present they are being tested in the 
1,000 pound pilot plant at Boulder City, Nevada. 


PREVIOUS WORK ON E LECTROWHINING OF MANGANESE 

The work of early investigators on the electrolysis of manganese solutions 
has been reviewed by Shelton.^/ Until the method of continuous production of 

3/ Dean, R. S., and others: Manganese: Is Occurrence, Milling, and Metal¬ 
lurgy: Bureau of Mines Inf. Circs. 6768, 6769, 6770, 6771, and 6772, 1934. 
4 / Dean, R. S., and others, Manganese and Its Alloys: 'Bureau of Mines Rept. 
of Investigations 3477, 1939, 47 pp. 

5/ Shelton, S. M., Electrolysis of Manganese Solutions. Bureau of Mines, 
Rept. of Investigations 3322-, 1936, 64 pp. 
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manganese by electrolysis was perfected by Shelton^ and coworkers,^/ ■§/ 
no practical procedure had been devised. The method as developed by the 
Bureau of Mines will bo described here only briefly. 

The manganese oxide ore was reduced in a rotciting kiln-type furnace 
at 650° C. in an atmosphere of “city” gas. The calcine was leached with 
spent electrolyte and enough sulfuric acid to produce a neutral leach solution 
containing 25 grams manganese per liter as manganese sulfate and 200 grams 
per liter of ammonium sulfate. 

Arsenic was removed from the solution by the addition of 0.05 gram 
iron per liter as ferrous sulfate followed by oxidation with manganese dioxide 
and aeration, wiiich percipitated the iron as ferric hydroxide. The solution 
free from iron and arsenic was treated with a mixture of 0.3 gram per liter 
of sodium ethyl xanthate and 0.2 gram per liter of potassium pentasol 
xanthate. After standing 6 hours, the nickel and cobalt had been precipitated 
by the xanthate and were removed by filtration. Sulfur dioxide was added to 
the solution to the extent of 0.1 gram per liter. 

The above purified solution was then electrolyzed in a lead-lined cell 
with the cathodes suspended in canvas-covered wooden frames, which formed 
diaphragms between the anodes and cathodes. The cathodes were of 10-gage, 
17-percent dhromium steel and the anodes were 1/4-inch corroding-grade 
lead. 

During operations the manganese content of the catholyte feed was 24 to 
26 grams per liter, pH 7.2 to 7.6; the manganese content of the catholyte 
within the frame was 8 to 10 grains per liter, pH 9.0 to 9.2; the manganese 
content of the anolyte was 3 to 6 grams per liter, and the sulfuric acid 
content of 25 to 30 grams per liter. The current density was maintained 
between 18 and 20 amperes per square foot. About 20 percent of the manganese 
fed to the cell was deposited at the anode as a hydraited manganese compound. 
An average current efficiency of 50 percent was obtained over a 48-hour 
deposition period. The metallic manganese deposited contained 0.20 to 0.30 
percent sulfur, which would make the metal undesirstble for many purposes. 


6/ Work cited in footnote 5 

7/ Shelton, S. M., and others, Progress Reports, Metallurgical Division. 23. 
Electrometallurgical Investigations: Bureau of Mines Rept. of 
Investigations 3406, 1938, 28 pp. 

8/ Koster, J., and Shelton, S. M., Electrolytic Manganese: Eng. and Min. 
Jour., vol. 137, 1936, p. 510. 
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Dean^/ and coworkers improved the process with the aim of obtaining 
metallic manganese substantially free from sulfur. The purification step 
for the removal of cobalt and nickel was changed. It was found that the 
cobalt and nickel could be precipitated from solution by the addition of 
sulfide ion as barium or ammonium sulfides. Electrolytic manganese pro¬ 
duced from solutions purified by sulfide contained little or no sulfur. 

Preliminary tests also indicated that the leach solutions could be purified 
by the addition of powdered metallic manganese, which precipitated the impu¬ 
rities. Although this method of purification showed promise, further inves¬ 
tigation was not made at that time. 

The results of the studies of the former Metallurgical Division of the 
Bureau of Mines were encouraging enough to justify commercial exploitation 
of the process, and the Electro Manganese Corporation, Knoxville, Tenn., has 
been operating a 2-ton plant successfully for 3 years. 

PRESENT WORK ON ELECTRO WINNING OF MANGANESE 

Discussion 


This work on the electrodeposition of manganese was undertaken with 
the definite aim of improving certain procedures of the process formerly 
advocated and thereby lowering cost of production. Some of the main points 
of the process upon which investigations were planned are as follows: 

1. Roasting 

2. Leaching and purification 

3. Ammonium sulfate and manganese sulfate concentrations. 

4. Current density and manganese strip. 

5. Anodes and cathodes. 

6. Addition agents. 

7. Cell design and diaphrams. 

These investigations have been carried out in the laboratory on a small 
scale, and many improvements have been made. The improvements are now 
being tested in the pilot plant at Boulder City, and the results will be reported 

at a later date. _ 

9/ Work cited in footnote 4 
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Ore Used in Electrolytic-Manganese Test Work 

All of the experimental, work on the electrolytic manganese process 
performed in the Boulder City laboratories was on ore' from the Three Kids 
mine. This ore body is in Las Vegas Wash, near Lake Mead, in Clark 
County, Nevada. This ore was chosenbecause of the large size of the deposit 
and its availability, as it is only 12 miles from Boulder City. 

The ore is an earthy material, or wad, with which is intermixed small 
amounts of psilomelane and manganite and acicular crystals. The nonmetal- 
lic portion of the ore is composed of small amounts of quartz, mica, gypsum, 
kadLiie or decomposed tuff, opal, and minor amounts of undetermined 
silicates. 

The ore is a light, porous, amorphous-appearing mass that breaks down 
on wetting to granular particles and slimes. Owing to its extreme porosity, 
the ore can be reduced and acid-leached without fine grinding. 

A typical analysis of the ore received at the Boulder City station 
is as follows: 



Percent 

Manganese . 

27.7 

Iron . 

1.10 

Arsenic .. 

.10 

Cobalt . 

Trace 

Nickel . 

Trace 

Copper. 

0.27 

Lead ..;. 

..017 

CaO . 

4.75 

MgO . 

3.24 

P. 

.05 

Si0 2 . 

20.50 


Roasting 

As the manganese in the Three Kids ore is quadravalent, it must be 
reduced to the lower states of oxidation, which are soluble in dilute sulfuric 
acid. The object of the reduction is to obtain the maximum sulfuric acid- 
soluble manganese for leaching with spent electrolyte from the electrolytic 
process. 
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It can be seen from, the above analysis that there is virt ually no 
elimination of any impurities by the roasting. 

Leaching and Purification 

The problem of leaching the manganese calcine with acid and subsequent 
removal of impurities is a very important step in the electrolytic manganese 
process. Obviously, it is desirous to obtain the maximum extraction of the 
manganese from the calcine and, to remove impurities from the leach solution 
to a minimum concentration. The exact limits of impurities in the purified 
electrolyte that will allow manganese to be deposited electrolyiacally are not 
known and would be difficult to determine because the presence of a com¬ 
bination of impurities has a different effect than when the impurities are 
present singly. Also, the permissible amounts of impurities vary with the 
various plating factors, such as type of cathode, current density, and man¬ 
ganese and ammonium sulfate concentration. 


The following general procedure for leaching the reduced ore has been 
found to be satisfactory. The proper amount of calcine to give the desired 
manganese concentration is added to the lead-lined leach tank containing 
spent electrolyte, and the solution is agitated. During the first half hour 
any additional acid necessary is added to the leach to bring the pfi of the 
solution to approximately 2. It was found that at a pH of 2.0 maximum 
extraction of the manganese was obtained. The leach is agitated for 1-1/ 2 
hours with the pH held at 2.0.' At the end of this time more calcine 
is added to the tank, until a pH of 5.0 is reached.- This usually requires 
16 to 20 percent of the original weight of calcine and about 1-1/2 hours 
agitation. Agitation is then stopped, and the residue is allowed to settle. 
When a thoroughly reduced calcine is being leached, an extraction of 90 
percent can be made. This method is, in effect, a two-stage leach, but it is 
accomplished in the same tank. It was found that a distinct two-stage leach 
step give very little improvement in manganese extractions. A neutral leach 
that is, a leach wherein the pH is not allowed to go below 5.0 at any time - 
will give only a 75 percent 'manganese extraction. It is desirable to finish 
the leach at a pH of 6.0, because this is the pH necessary for the purification 
steps and precipitates the iron extraqted in the acid leach. Commercial 
ammonium sulfate and sulfuric acid are used throughout. The temperature 
of the leach is kept as low as possible, as manganese extraction .decreases 
with increasing temperature. 


The raw leach solution is decanted from the leach tails into another 
lead-lined tank for the first purification step. The cobalt, nickel, iron, 
arsenic, lead, copper, etc., are then removed by the addition of sulfide ion 
at a pH of 6.0 to 6.5. The amount of sulfide ion necessary to remove the 
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impurities will vary with the amount in the solution being treated. In treat¬ 
ing the leach solution from Three Kids calcine, 0.4 gram of sulfide ion per 
liter was found to be enough to remove the impurities. The solution is 
agitated for 1 hour and is then allowed to stand for 8 hours before filtering. 

Tests were made with hydrogen sulfide, ammonium sulfide, barium 
sulfide, and calcium sulfide as the sulfiding agent. All of these removed 
the various metallic impurities, with the exception of calcium sulfide. How¬ 
ever, it is believed that calcium sulfide could be used in combination with 
one of the other sulfides. It has the advantage that gran’ilar calcium sulfate 
is formed, which aids filtration of the sulfide precipitate. When the sulfide 
is added to the raw leach solution, pink manganese sulfide is precipitated 
first, which then redissolves, and the other metallic sulfides are precipitated. 
It is necessary to precipitate a small amount of manganese sulfide to insure 
complete-removal of the impurities. 

After the precipitated sulfides have been removed from the solution 
by filtration it is necessary to eliminate any residual sulfide from the 
solution. This can be accomplished by vigorous aeration, which precipitates 
sulfur, followed by filtration. 

It was found that solutions treated in this manner were usually satisfac¬ 
tory for plating. However, this purification method did not provide the 
degree of certainty necessary for a commercial operation. 

After extensive experimentation it was found that if 0.1 gram per liter 
of iron was added to the sulfide filtrate and precipitated as the hydroxide 
the solution was cleared of all residual sulfides; as well as any colloidal 
material that remained in the solution. Although it has been impossible to 
determine by chemical analysis what is removed from the solution by the 
ferric hydroxide,'it has been proved by several months of laboratory oper¬ 
ation that this final purification step definitely improves the solution for 
electrolysis. The iron may be added as ferric or ferrous sulfate. 

Small-scale laboratory experiments have indicated that powdered 
electrolytic manganese can be substituted for the sulfide for the removal 
of metallic impurities from the leach solution. Powdered manganese has 
the advantage that no impurity is being introduced into the solution and that 
purification can be accomplished in a few minutes, in comparison with the 
8 hours required for sulfide purification. Laboratory tests showed that the 
copper, arsenic, cobalt, zinc, lead, and nickel we re removed by 2 grams of 
powdered manganese (-150 mesh) per liter in 5 minutes. The iron remain¬ 
ing in solution is removed then by precipitation as the hydroxide. 
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As current efficiency depends on so many inter-related factors, it is 
difficult to determine the individual effect of these factors. 

, As was pointed out before, unless the ammonium sulfate concentration 
is sufficient to prevent hydrolysis of the manganese in the catholyte, current 
efficiency will be low; and unless the manganese concentration is about 20 
grams per liter for the-higher current densities, current efficiency will be 
lowered. 

Trees and nodules tend to lower current efficiency, but this effect can 
be minimized by the use of addition agents. 

The pH can be decreased with no effect upon current efficiency if the 
current density is Increased at the same time. If the pH is-below 2.0, 
however, resolution of the deposit will begin, and consequently efficiency 
will drop. 

To obtain file maximum current efficiency-impurities should be re¬ 
moved from the electrolyte to a minimum concentration. 

When plating under the optimum conditions, an average current effi¬ 
ciency of 55 percent will be obtained over a 24-hour period. 

Current efficiency drops with increase in time of deposition, and the 
exact plating time will be an economic compromise between efficiency and 
labor costs. 


Summary 


The results of laboratory work on the electrolysis of manganese sul 
fate solutions have been discussed and may be summarized in the follow¬ 
ing optimum conditions: 


Purified solution 


Anolyte 


Current density 
pH of catholyte 
Anodes 
Cathodes 


- 40 to 50 g/1 manganese as MnSO^. 

-’ 125 to 150 gjl ammonium sulfate. 

- 0.10 g/1 sulfur dioxide. 

- 8 to 16 mg/1 glue. 

- 10 to 20 g/1 manganese as manganese sulfate. 

- 25 to 40 g/1 H2S0 4 . 

- 125 to 150 g/1 ammonium, sulfate. 

- 40 to 50 amps./sq. ft. 

- 6.0 to 7.2 

- Pb-1 percent Ag. 

- Aluminum treated with aluminum powder. 
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Hrst Two Years Operation of the Bureau of Mines Electrolytic 
Manganese Pilot Plant at Boulder City, Nevada 

By J. H. Jacobs,* Junior Member A.I.M.E., J. W. Hunter,! V. H. Yarroll,! 

P. E. Churchward,! and R. G. Knickerbocker, ! Membei A.I.M.E.. 

(New York Meeting, February 1944) 


Tiie present paper records a chapter in 
the history of the development of an elec¬ 
trolytic manganese industry in the United 
States. 1 

A relatively large pilot plant at Boulder 
City, Nev., for the production of electro¬ 
lytic manganese was conceived as part of 
the national defense program to make this 
country independent of foreign importation 
of manganese ore. 

The first authorization, in November 
1940, however, was for a plant of only 
several hundred pounds capacity. Im¬ 
provements in process and subsequent 
additions to some sections authorized by 
subsequent appropriations have enabled 
the plant to produce as much as 2000 lb. 
of manganese a day for substantial periods 
of time. * 

Since in pilot-plant operation frequent 
changes are made in the flowsheet, the 
electrolytic manganese plant was con¬ 
structed so that equipment could be rear¬ 
ranged with a minimum of expense and 
time. Several different kinds of the various 
types of equipment were installed for many 


Presented by permission of the Director, 
Bureau of Mines. U. S. Department of the 
Interior. Manuscript received at the office of 
the Institute Dec. 1. 1944. Issued as T.P. 1717 
in Metals Technology. August 1944. 

• Senior Metallurgist, U. S. Bureau of Mines, 
Boulder City, Nevada. 

f Metallurgist, U. S. Bureau of Mines, 
Boulder City, Nevada. 

t Associate Chemist, U. S. Bureau of Mines, 
Boulder City, Nevada. 

§ Supervising Engineer, U. S. Bureau of 
Mines, Boulder City. Nevada, 

1 References are at the end of the paper. 


of the operations, so that the one most 
suitable for the process might be chosen. 

Pilot-plant operations were begun in 
November 1941 and have been continuous 
except for brief shutdowns for installation 
of new equipment. More than one-half 
million pounds of manganese have been 
produced. The improvements in process, 
selection of equipment, and operational 
procedure de veloped are recorded here. 

Development of the Process 

The work of early investigators on the 
electrolysis of manganese solutions has been 
reviewed by Shelton. 1 Until the method of 
continuous production of manganese by 
electrolysis was perfected by Shelton ,_4 and 
coworkers, no practical procedure had been 
devised. The method as originally developed 
by the Bureau of Mines will be described 
here only briefly. 

The manganese dioxide ore was reduced 
in a rotating kiln-type furnace at 65o°C. 
in an atmosphere of “city” gas. The 
calcine was leached with spent electrolyte 
and enough sulphuric arid to produce a 
neutral leach solution containing 25 grams 
manganese per liter as manganese sulphate 
and 200 grams per liter of ammonium 
sulphate. 

Arsenic was removed from the solution 
by the addition of 0.05 gram iron per liter 
as ferrous sulphate followed by oxidation 
with manganese dioxide, and aeration, 
which precipitated the iron as ferric 
hydroxide. The solution, free from iron 
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and arsenic, was treated with a mixture of 


0.3 gram per liter of sodium ethyl xanthate 
and 0.2 gram per liter of potassium pentasol 
xanthate. After standing 6 hr., the nickel 
and,-cobalt had been precipitated by the 
xanthate and were removed by filtratiofi. 
Sulphur dioxide was added to the solution 
to the extent of 0.1 gram per liter. 

The purified solution was then elec¬ 
trolyzed in a lead-lined cell with the 
cathodes suspended in canvas-covered 
wooden frames, which formed diaphragms 
between the anodes and cathodes. The 
cathodes were of 10-gauge, 17 per cent 
chromium steel, and the anodes were 
Y± in. corroding-grade lead. 

During operations the manganese con¬ 
tent of the catholyte feet! was 24 to 25 grams 
per liter (pH, 7.2 to 7.6); the manganese 
content of the catholyte within the frame 
was 8 to 10 grams per liter (pH, 9.0 to 
9.5); the manganese content of the anolyte 
was 3 to 6 grams per liter and the sulphuric 
acid content 25 to 30 grams per liter. The 
cathode current density was maintained 
between 18 and 20 amp. per sq. ft. About 
20 per cent of the manganese fed to the cell 
was dcj>osited at the anode as a hydrated 
manganese compound. An average current 
efficiency of 50 per cent was obtained over 
.a 4S-hr. deposition period. The metallic 
manganese deposited contained 0.20 to 
0.30 per cent sulphur, which would make 
the metal undesirable for many purposes. 

Dean 1 and coworkers improved the 
process with the aim of obtaining metallic 
manganese substantially free from sulphur. 
The purification step for the removal of 
cobalt and nickel was! changed. It <vas 
found that the cobalt and nickel could be 
precipitated from solution by the addition 
of sulphide ion as barium or ammonium 
sulphides. Electrolytic manganese pro¬ 
duced from solutions purified by sulphide 
contained little or no sulphur. 

Preliminary tests also indicated that the 
leach solution could be purified by the 
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addition of powdered metallic manganese, 
which precipitated the impurities. Although 
this method of purification showed promise, 
it has not been demonstrated on a large 
scale. 

The results of the work of the early 
Bureau of Mines investigators was suffi¬ 
ciently encouraging to justify construction 
of a commercial plant at Knoxville, Tenn., 
by the Electro Manganese Corporation,* 
which has been operating a 2-ton plant 
successfully since 1938. The plant capacity 
was increased to 4 tons per day in early 
'1943. This plant is using the basic process 
as developed by the Bureau of Mines in 
1936-1938. 

Construction of the Boulder City pilot 
plant was begun in April 1941. While the 
pilot plant was under construction, ex¬ 
tensive laboratory investigations were 
carried on and the work reported by Wood¬ 
man and Jacobs;* it will be briefly reviewed 
here. 

Results of small-scale experiments showed 
that the reduction of manganese ores could 
be accomplished with coal, coke, natural 
gas, butane or oil. Although the reduction 
could be most easily controlled and carried 
out using oil or a reducing gas, the geo¬ 
graphical location of a plant would deter¬ 
mine which of the five reducing agents 
would be most satisfactory from the 
economic standpoint. 

The calcine was leached in small lead- 
lined wooden tanks to a pH of 2.0 for 
hr.; then the solution was neutralized to a 
pH of 6.0 with calcine. An extraction of 
00 per cent of the manganese was obtained. 
The raw solution was decanted from the 
leached tails and the solution purified by 
the addition of 0.4 gram of hydrogen 
sulphide per liter of solution. All of the 
metallic impurities were precipitated as 
sulphides anti were removed by filtration 
on a plate and frame filter press. This 
filtrate is theoretically pure but does con¬ 
tain colloidal sulphur and colloidal metallic 
sulphides and organic matter from the 
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ammonium sulphate. It was found that 
. if 0.1 gram of iron per liter of solution was 
added as copperas and the solution was 
oxidized with air and filtered, all of the 
aforementioned materials were removed. 
This was an important improvement, be¬ 
cause it always ensured a pure solution for 
electrolysis. 

In the early Bureau of Mines process, 
the cathodes in the electrolytic cell were 
suspended in diaphragm-covered com¬ 
partments. A normal operating cell con¬ 
tained 28 anodes and 27 cathodes. This 
design was necessary because of the 
manganese oxides formed at the anodes, 
but this cell had many undesirable features 
because each cathode compartment had 
to be fed separately; consequently, manga¬ 
nese was being plated from 27 different 
catholytes. This involved careful control 
of pH and solution content. As the quantity 
of catholyte was so small, it was difficult 
to prevent the pH from becoming too high, 
with consequent precipitation of manganese 
hydroxide. Also, the cells could not be 
operated at a current density above 30 to 
35 amp. per sq. ft., because the pH would 
become too high, causing the manganese to 
precipitate. 

It was decided that these difficulties 
could be overcome by placing the anodes : 
inside the diaphragm compartments. How¬ 
ever, before this could be done, it was 
necessary to have an anode at which little 
or no manganese oxides would be pre¬ 
cipitated. A lead-tin-cobalt alloy was 
reported by Fink 7 to prevent the formation 
of manganese oxides, but an anode of this 
alloy is difficult to make and has a rather 
short life. A perforated lead-silver anode 
was developed, which reduced the amount 
of manganese precipitated at the anode 
from 25 per cent for pure lead to 1.0 per 
cent. 

The use of lead-silver anodes made pos¬ 
sible a design wherein the anodes were 
inside the diaphragm compartments and 
all the* cathodes were plating from the 


same catholyte. This amplified cell control 
and allowed the electrodeposition to be 
carried out at cathode-current densities as 
high as 70 amp. per sq. foot. 

The optimum conditions for the electro- 
winning of manganese were given by 
Woodman and Jacobs as follows: 

Purified feed solu¬ 
tion..401050 grams per liter Mn 

u MnSO« 

125 to 150 grams per liter 
unmonium sulphate 
o.k> grams per liter sul¬ 
phur dioxide 

8 to 16 mg. per liter glue 

Anolyte.. 10-20 grams per liter Mn 

is MnSO« 

25 to 40 grams per liter 
sulphuric add 
x 25 to 150 grams per liter 
ammonium sulphate 

Current density... 40to 60 amp. per sq. foot 
Catholyte pH... *. 6.0 to 7.2 


Anodes. Pb and 1 per cent Ag in¬ 

side diaphragm 

Cathodes. 9 fo-in. aluminum treated 

with aluminum powder 

Diaphragms... canvas or micropore rubber 

Voltage. 4i to 5.4 


Kw-hr. per lb. Mn. 3.6 to 3.9 
Current efficiency.. 60 to 65 per cent 

The Pilot Plant 

All of the pilot-plant buildings are of 
steel construction covered with corrugated, 
galvanized-iron sheeting. The crushing 
plant is in a separate small building. Roast¬ 
ing, leaching; and purification equipment 
is installed in the hjdrometallurgical build¬ 
ing, with all storage tanks and thickeners 
in the open. The dl room and generator 
are in a separate building. The flowsheet of 
the plant is shown in Fig. 1. 

Ore is delivered to tbe crushing plant by 
trucks into a wooden bin through a grizzly. 
Oversize ore is broken through the grizzly 
by hand. Crushing is accomplished by a 
jaw crusher and rolls in closed circuit with 
a vibrating screen. An inclined belt con- 
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vcyor drivers the crushed ore to the 
hydrometallurgscal building, where a Jef¬ 
frey vibrating conveyor distributes it to 
any of ten 5-ton steel storage bins. From 


of the ore; one is a 5-fL, xo-hearth Skinner 
furnace with muffled hearths, so that it is 
indirectly fired, and the other is a Traylor 
multitube rotary kiln cSnsisting of five 
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Fig. i.—Flowsheet of electrolytic manganese pilot plant. 


the storage bins, the ore is weighed in 
buggies and fed to a Hardinge thermal ball 
mill equipped with an air classifier, where 
it is ground dry to —35-mesh. 

Two furnaces are'available for reduction 


10-in. alloy-steel tubes inside a brick-lined 
shell. Ore travels through the tubes and 
the fire is on the outside of the tubes. Each 
furnace discharges into a Baker cooler, 
where the calcine is cooled to below ioo°C. 
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before entering the atmosphere. This is 
necessary - to prevent reoxidation of the 
reduced ore. Both furnaces arc fired with 
oil. and the roasting is carried out at 700° 
to 750 e C. Reduction is accomplished by 
dropping oil on the ore as it enters the 
multitube furnace. Calcine discharges from 
the coolers into ore buggies and is trans¬ 
ported to a 10-ton steel bin or directly to 
the leaching tanks. Since manganous 
oxide reoxidizes rapidly in air, it is not 
stored more than 24 hours. 

Leaching is done in 3500-gal. batches in 
two 8 by 10-ft. brick-lined steel tanks 
equipped with stainless-steel propeller-type 
agitators. Spent electrolyte from the cells, 
containing 8 to xo grams per liter manga¬ 
nese as manganese sulphate, 135 to 140 
grams per liter ammonium sulphate and 
43 to 50 grams per liter sulphuric acid, is 
drawn into a leach tank. Reduced ore is 
then added and leached for 1 hr., or until 
the pH has risen to 3.0. Sulphuric acid and 
ammonium sulphate are added as needed, 
so that the finished leach contains 32 to 
36 grams manganese and 135 to 140 grams 
ammonium sulphate per liter. After the 
desired pH and manganese concentration 
have been reached, the leach is neutralized 
by the addition of ammonia gas.- The 
resultant neutral solution is pumped to a 
25-ft., acidproof steel thickener. Spigot 
discharge from the thickener containing 
barren tails, ferric hydroxide and aluminum 
hydroxide is washed countercurrently in 
five 10-ft. acidproof steel thickeners. After 
being washed free of manganese and 
ammonium sulphate, the residue is pumped 
to a tailing pond. Oliver diaphragm slurry 
pumps are used on all the thickeners and 
for discharging the leach tanks. 

In addition to manganese and ammonium 
sulphate, the neutral leach solution, which 
overflows from the 25-ft. thickeners, con¬ 
tains small amounts of iron, arsenic, copper, 
zinc, lead, nickel, cobalt and molybdenum. 
All these impurities must be removed 
before electrolysis. 


As the first step in purification of the 
solution, it flow's by gravity from the 
neutral thickener overflow storage tank 
through a Nettco Flomix, where hydrogen 
sulphide gas is added. The Flomix is a 
small, stainless-steel, totally enclosed agita¬ 
tor flanged to fit a 3-in. line. The solutions 
are vigorously agitated by the Flomix, and 
complete precipitation of the impurities 
as sulphides results. After the solution 
leaves the Flomix, it is pumped directly to a 
Shriver plate-and-frame filter press, where 
the precipitated sulfides are removed from 
the solution. 

.Although the solution is now free of 
metallic impurities, it contains colloidal 
sulphur, colloidal metallic sulphides and 
organic matter that is introduced with 
the ammonium sulphate. These materials 
are removed by adding copperas and oxidiz¬ 
ing the iron with air. The iron precipitates 
as ferric hydroxide; this precipitate absorbs 
the sulphur and colloids and also removes 
any residual arsenic and molybdenum that 
were not. precipitated by hydrogen sul¬ 
phide. 7 An Oliver precoat filter is used to 
filter the iron hydroxide from the sortition. 
A mixture of diatomaceous earth and 
activated carbon is used as the filter pre¬ 
coat. The resultant solution is now pure 
and ready for electrolysis. It is stored in 
four 10 by 10-ft. acidproof steel tanks, to 
be drawn into the cell room as needed. 

In the cell room, electrolysis is carried 
out in eight lead-lined wooden tanks, g.5 
by 2.5 by 3.5 ft. inside dimensions and 
connected in series by a 2 by 7-in. copper 
busbar suspended on the side of the cells. 
Each tank has a capacity of 2S anodes and 
27 cathodes, spaced sli in. from anode to 
anode, and is supported by glass blocks on 
concrete piers. The cathodes are held in 
place on their busbar by cadmium-plated 
copper dips, and the anodes are bolted 
directly to the bar. Power is furnished by 
a 450-kw. twin motor-generator set driven 
by a 700-hp. synchronous motor. Purified 
solution containing 34 to 36 grams per liter 
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inanganese as manganese sulphate, 135 to 
140 grams per liter ammonium sulphate 
and 0.1 gram per liter sulphur dioxide flows 
to the cells through a 2-in. lead line on the 


the diaphragms in a common anolyt 
was found to be advantageous to re' 
the position of the anodes and cathode 
reasons that will be discussed later; tl 
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Fic. 2 .—Cell used in pilot plant for making electrolytic manganese. 


side of the tanks. Flow rate is controlled 
by rubber-lined diaphragm valves at each 
cell. Sulphur dioxide is added to the solu¬ 
tion in the main line as it enters the cell 
room, to prevent precipitation of manga¬ 
nese hydroxide. 

The cathodes are type 316 stainless steel, 
18 by 36 by 16-in. gauge. Two copper strips 
?3 2 by 1 in., covered with lead, are 
brazed along the top of the cathode to 
carry the current. A semimirror finish is 
maintained on the cathode by buffing every 
fourth day. The anodes, 15 by 32 by y± in., 
composed of gg per cent lead, 1 per cent 
silver, are cast and drilled with i^-in. 
holes so that 40 per cent of the area is void. 
This is necessary to increase the anode- 
current density, which minimizes the 
formation of manganese oxides. 

As manganese cannot be electrodeposited 
efficiently from acid solution, the anolyte 
and catholyte must be separated by a 
diaphragm. In the original process, each 
cathode was in a separate canvas-covered 
frame, which necessitated a separate feed 
line to each. The anodes were outside of 


fore the cell now used in the pilot plan 
the anodes placed inside canvas-co’ 
wooden frames, which are open at 
bottom. The cell .has a false bottom i 
above the main bottom, in which a 
tangular area the width of the anode fr 
is cut out. This false bottom is comp 
by the anode frames and wooden sj 
blocks, which fit between the anode in 
ensuring proper spacing. In this manr 
lower compartment is formed in the 
into which the oxide at the anode 
Phenolic resin frames hold the cathoc 
place in the cell (Fig. 2). 

Solution flows through the cells a 
lows: The purified solution entering 
catholyte from the feed line along th< 
of the cell flows through the canvas 
phragm into the anolyte compart; 
down into the lower compartment fc 
by the false bottom, and is then disch 
from the cell through a 2-in. lead 
rising from the false bottom at one e 
the cell and out through the side 2 
desired height. A lead-lined wood la 
conveys the spent electrolyte to a ta 
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scmcnt, where it is pumped to the 
lg plant for leaching more reduced 

electrolyte in the cells is cooled by 
iting cold water through lead coils 
cells. The water is cooled in the sum- 
y an ammonia compressor and by an 
rative cooler in the winter. 

Is must be broken down at the end 
> 8 weeks for cleaning and replacement 
iphragms. Calcium sulphate crystals 
on the anolyte side of the canvas 
iragm, reducing the porosity to the 
where the solution will not flow 
igh it. 

?ctrodeposition conditions are as fol- 

e. 99 per cent Pb, i Ag 

15 by 32 by M in. 

40 i>er cent void 
28 anodes per cell 

ode. Type 316 stainless steel 

18 by 36 by 16-in. gauge 
27 cathodes per cell 

ent density. Anode: 81 to 90 amp. per 
sq. ft. 

Cathode: 45 to 50 amp. 
per sq. ft. 

voltage-5°"5-3 

i solution... Mn: 34 to 36 grams per liter 
(NHO2SO4:135 to 140 grams 
per liter 

SO-: 0.15 gram per liter 

holyte. Mn: 8 to 10 grams per liter 

(\H 4 )-SO<: 155 grams per 
liter (calculated from am¬ 
monia content) 

SO-: 0.10 gram per liter 

i]yte.Mn: 8 to 10 grams per liter 

(NH 4 )-S 0 4 : 135 to 140 grams 
per liter 

IIjS 0 4 : 43 to 50 grams per 
liter 

»hragm. 18-02. canvas 

ation of electrolysis. 24 hr. 

nds Mn per cathode.... 10 to 12 

ent efficiency. 60 to 65 per cent 

: ter deposition for 24 hr., the cathodes 
emoved from the cells and dipped in a 
* cent solution of potassium or sodium 


dichromatc, to prevent oxidation of the 
manganese. They are then washed in a 
spray tank and air-dried. The deposited 
manganese is stripped from the cathode by 
flexing and striking with a rubber mallet, 
with a recovery of 98.5 to 99.5 per cent of 
the metal. The small quantity remaining 
on the cathode is dissolved in a tank con¬ 
taining spent electrolyte from the cells. 
After the residual manganese is removed, 
the plates are washed in a spray tank. 
Every fourth day the cathodes are buffed 
and then cleaned with a standard alkaline 
soap cleaner. After being washed free of 
cleaner, they are ready for the cells. 

Pilot-plant operations have been con¬ 
tinuous, with few exceptions, and the effect 
of the variables of the process has been 
studied. As many of the factors in the 
process can be varied over wide ranges, it 
was frequently necessary deliberately to 
operate the plant under conditions that 
were not conducive to efficient operation, 
to obtain the required data. 

A research laboratory was maintained in 
conjunction with the pilot plant at all 
times, and the work of both was closely 
coordinated. The results reported here were 
obtained in small laboratory equipment 
and in the large plant equipment. Where 
the results of the two were relatively con¬ 
cordant, no distinction will be made, but 
where large variations were encountered it 
will be so noted. 

Although the pilot plant was operated 
primarily for the purpose of obtaining data, 
more than 550,000 lb. of metallic manga¬ 
nese was produced during the first 2 years 
of operation. 

Ore 

The ore used in the pilot-plant work is 
from the Three Kids mine, Las Vegas 
Wash, near Lake Mead, Clark County, 
Nev. It was chosen because of its availa¬ 
bility and the fact that it is similar to ore 
from many other deposits in the country'. 
The manganese is present as the dioxide, 
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the reduction are drawn off at the discharge 
end of the furnace. An attempt was made 
to operate the multitube with countercur¬ 
rent flow of the reducing gas but because of 
the arrangement of the five tubes it could 
not be done successfully. 

Table 5. —Reduction Roasting in Multitube 


Rotary KUn 

Wet feed, lb.96.174 

Mn in feed, per cent.32.53 

Dry feed, lb.92.876 

■Water in feed, per cent. 3.43 

Calcine, lb.. 82.341 

Mn in calcine, per cent. 37-90 

Reducing oil (No. 200), gal. per 

ton dry feed... 14-7S 

Heating oil (No. 200). gal. per 

ton dry feed...36.21 

Temperature in hot zone..7SO°C. 

Temperature of combustion gas 

at stack exit... 27S°C. 

Temperature of reducing gas at 

stack exit. . . I7S°C. 


Leaching 

After the manganese ore has been 
reduced, it is leached with spent electrolyte, 
containing sulphuric acid, from the cell 
room. Spent electrolyte is drawn into the 
brick-lined leach tank and calcine is added 
over a 30-min. period. The final volume of 
the Icach is 3400 to 3600 gal. Vigorous 
agitation is furnished by a stainless-steel 
ship-type agitator. After the calcine has 
been charged, sulphuric acid is added to 
keep the pH at 2.5, which is the finishing 
point of the leach. Ammonium sulphate 
also is added at this point as needed to 
maintain a concentration of 135 to 140 
grams per liter in the finished leach solu¬ 
tion. A temperature rise of 12 0 to i6°C. 
occurs during leaching, and the total lime 
required for leaching is to 1}$ hr. A 
manganese extraction of g8 to gg per cent 
is obtained. There is considerable sliming 
of the ore during leaching, as shown in 
Table 2. Table 6 shows the solution con¬ 
centrations before and after the leaching. 
Since the leach residue must be washed 
thoroughly to remove manganese sulphate 
and ammonium sulphate, it is necessary 
to allow for dilution by the wash waters 
in arriving at the final manganese and 
ammonium sulphate concentrations. 


After the leach is finished at a pH of 2.5, 
it must be neutralized to a pH of 6.5. This 
can be done by ammonia or by adding cal- 


Table 6 . —Solution Concentrations during 
Leaching 
Grams per Liter 


Constituent 

Spent 

Electro¬ 

lyte 

Leach 

Solution 

at 

pH 2.5 

Leach 

Solution 

at 

pH 6.5 

Leach 

Solution. 

after 

Residue 

is 

WaSf^pd 

Mn. 

xo. s 

37 -S 
137-8 

0.16 

36. 5 

34 7 
137.6 
0.001 

ys’HOiSO*... 

136.2 
o.ooxs 
0.0005 
< .001 

144 6 
0.001 

At. 

0.02 

0.0018 

0.0017 

<0.001 

Ni. 

<0.001 

<0.001 

Co. 

< .001 

<0.001 

<0.001 

<0.001 

Cu. 

0.006 

0.04 

X . 29 
12.4 

0.01 

0 009s 
0 0285 

1 x. 8 

SiO*. 

0.02 

0.02 

MgO. 

XX.8 

12 4 

CaO. 

AliOi... 

Mo. 

X .20 
O.OX 
0.0007 

1.2 S 
O. 29 
0.008 

1.2 S 
0.01 
0.005 

X. 20 
o.ot 
0.0048 



cine. If calcine is used as the neutralizing 
agent, the over-all leach extraction is 
lowered from 98 to 99 per cent to 92 to 95 
per cent. If ammonia is used, the higher 
leach extraction is obtained and the amount 
of ammonium sulphate needed is reduced. 
It is a matter of economics as to which is 
used, and in the pilot plant it is cheaper to 
use ammonia. When the leach is neutralized 
iron and aluminum hydroxides, molyb¬ 
denum, arsenic and silicates precipitate. 
The Icach is pumped to a thickener from 
which the overflow is sent to purification. 
Five countercurrent thickeners wash the 
spigot product from the leach thickener, 
and the washed tails arc discarded. Water 
averaging 5 per cent of the Icach volume 


Table 7.— Settling of Neutral Leach • 


Time. Min. 

Settlement, 

In. 

Solution al>ove 
Solids 

15 

0 

No break 

30 

6 H 

Floecular 

40 

• 

Slightly floecular 

so 

8>j 

Slightly floecular 

60 

9 

Slightly floecular 

75 

9 « 

Slightly floecular 

105 

9*4 

Very slightly floecular 


• pH.’ 6.4; tenijK-rature, 42°(\; jxTCentage solid* 
2.8; sj>. gr. sol.. 1.17; sp. gr. solids. 2.8. 


I 
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is added at the head of the washing thick¬ 
eners. Advance wash solution, containing 
75 to 00 grams per liter aihmonium 
sulphate and 16 to 20 grams per liter 
manganese, flows to the leach thickeners. 

The leach contains 2.5 to 3 per cent solids 
and has a rather slow settling rate, as 
shown in' Table 7. 

Tie sulphuric acid consumption aver¬ 
ages 0.25 lb. per pound of manganese 
leached, owihg to the insoluble sulphates, 
such as calcium, etc., formed in the leach. 

An extensive investigation was carried 
out on the method of removing the leached 
residue from the solution and washing it 
free from manganese sulphate and am¬ 
monium sulphate. Filtration is not satis¬ 
factory, since the large amount of slimes 
and hydroxides in the residue cause the 
filter rate to be so slow that it is not 
economical. A Bird centrifuge was used 
for several tests, but once again a separa¬ 
tion could not be made at an economical 
rate. Washing in countercurrent thickeners 
is the most satisfactory method, since they 
do not require much attention and a 
washed residue containing less than x.5 per 
cent maqganese can be obtained. 

Purification 

After the manganese has been leached 
from the ore and the residue removed from 
the solution, impurities suefc as As, Co, Ni, 
Cu, Fe, etc., must be removed before the 
solution is ready for electrolysis. The puri¬ 
fication procedure depends on impurities 
in the solution. However, it has been found 
that solution from all the ores tested could 
be purified by the addition of sulphide ions. 
Hydrogen sulphide is used in the pilot 
plant, since it is added easily and is the 
most economical form of sulphide ion; but 
barium, sodium, or ammonium sulphides 
are satisfactory from the standpoint of 
purification. 

The dear overflow from the leach-solu¬ 
tion thickeners, which has a pH of 6.4 to 
6.6, is stored until ready for use. It flows 


from the storage tank to a stainless-steel 
Nettco Flomix, and hydrogen sulphide is 
added in the solution line. The Flomix is a 
totally enclosed double agitator, flanged 
in the lead-solution line. As the solution 
flows. through the Flomix it is violently 
agitated, which completes predpitation of 
the metallic sulphides. As the solution 
leaves the Flomix, it flows into a surge tank, 
where it ages 15 to 30 min. and is pumped 
to a Shriver plate-and-frame filter press. 
The filter press is precoated with diato- 
maceous earth, to improve the filter rate. 

It was found tljat the impurities were 
completely removed if the solution was 
filtered after 15 to 30 min. aging time. If 
the predpitated sulphides are allowed to 
remain in contact with the solution for 
several hours, re-solution takes place. 
When the hydrogen sulphide is added to 
the solution, orange manganese sulphide 
predpitates; this redissolves and the im¬ 
purities are predpitated. However, 0.7 to 
1.0 gram per liter of manganese is lost as 
the sulphide during the purification. The 
hydrogen sulphide necessary to predpitate 
the metallic impurities completely is 0.10 
to 0.15 gram per liter of solution. If any 
slimes are present in the solution as it 
comes from the ietch thickener, the con¬ 
sumption of hydrogen sulphide is greatly 
increased, therefore it is necessary' to 
operate the thickener so that there is a 
minimum of slimes in the overflow. An 
analysis of the solution before and after 
sulphide purification is show n in Table 8. 

After the metallic impurities have been 
removed by predpitation as sulphides, the 
solution contains colloidal sulphur, col¬ 
loidal sulphides and a small amount of 
residual arsenic and molybdenum. It was 
found that the addition of o.ro gram per 
liter iron as copperas, followed by oxidation 
and predpitation of ferric hydroxide, led 
to adsorption of the colloids, arsenic and 
molybdenum. The solution leaving the 
filter press after removal of the metallic 
sulphides flows to a brick-lined tank, simi- 
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lar to the leach tanks, and a solution of 
copperas is added. The solution is mixed 
by an Agitair agitator with a hollow shaft. 
Air is added through the hollow shaft, and 
the iron is completely oxidized and pre^ 
dpitated. The iron is predpitated in 3500- 
gal. batches. After all the iron is oxidized 
and predpitated (which is determined by 
testing with potassium thiocyanate), the 
solution is pumped to a storage tank, where 
it is allowed to age 4 to 6 hr. It is then 


Table 8 . — Purification of Solution 
Graxs rsx Lrrxa 


Constituent 

Solution 

before 

Purifica¬ 

tion 

Solution 
after H,S 
Purifica¬ 
tion 

Solution 
after Fe 
Purifica¬ 
tion 

Mn . 

35 8 

6 

0.04 

35.X 

34 4 

(\H«)iS04. 

* 39 - 5 
0.00008 

139 J 

Cu..... 

0.00008 

Fc. 

0 003 

0.0015 

0.0002 

As. _ . 

00014 

<0.001 

0.0006 

0.00015 

\i... 

<O.OOI 

<0.001 

Co _ 

<0.001 

<0.001 

<0.001 

Mo. 

0.0005 

0.000s 

0.0003 



filtered on an Oliver precoat drum filter. 
A mixture of diatomaceous earth and 
activated carbon removes organic material, 
which enters the solution with the am¬ 
monium sulphate. After filtration, the 
solution is sent to storage to be drawn into 
the cell room as needed. Table 8 shows the 
analysis of the solution before and after 
removal of iron. 

The iron oxidation is carried out at room 
temperature at a pH of 6.5 to 7.0 and 
requires 40 to 60 min. to complete the 
reaction, which can be speeded by heating. 
As manganese is oxidized, even at a pH of 
6.5 to 7.0, there is a predpitation of o.$ to 
1.0 gram per liter of manganese hydroxide. 
This is not lost, however, as the cuttings 
from the precoat filter are returned to the 
leach tank. 

Electrolysis 

The successful electrowinning of manga¬ 
nese from relatively pure solutions of 
manganese sulphate and ammonium sul¬ 


phate depends upon a combination of many 
factors, such as concentration of solution, 
current density, pH of solution, cathode 
and anode material, temperature, and rate 
of flow to cell. It is almost impossible to 
consider any of these variables separately, 
since nearly all of them depend on the 
others, and the limits of one variable can¬ 
not be spedfied without defining the other 
conditions very closely. It is in this respect 
that the electrowinning of manganese 
demands more delicate control than tl/at 
of other metals, such as zinc and copper. 

Design of Cell and Frame 

The early design of the cell is described 
on page 2. With the development of the 
lead-silver anode, it became possible to 
reverse the position of the anodes and 
cathodes, owing to the small amount of 
oxide produced at the anode. The principal 
advantages gained from this arrangement 
are: (1) Each cell can be controlled by one 
feed line instead of the 27 formerly used; 
(2) all of the cathodes are suspended in a 
common catholyte, which leads to uni¬ 
formity of deposition; (3) the catholyte 
volume is tripled, thereby making control 
of pH and solution concentrations easier 
and less critical; (4) as the catholyte vol¬ 
ume is so large, the cells may be operated 
at a higher current density and a larger 
strip of manganese can be made. This 
greatly decreases the necessary size of the 
leaching and purification plant. 

The cell design as now used was described 
previously and shown in Fig. 2. This 
design was the ultimate result of several 
different types that were used in the pilot 
plant. The first cells in the pilot plant were 
merely a reversal of the anodes and 
cathodes in the original cell, with tubes 
leading from the anolyte compartment 
through the side of the cell for discharge 
of anolyte. Although this was an improve¬ 
ment, the discharge tubes became plugged, 
and despite the fact that there was only a 
small amount of oxide formed, it caused the 
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ABSTRACT 

Aii electrolytic manganese pilot plant having a present daily capacity 
of 2,400 lb. ( 1,090 kg.j has been operated by the U. S. Bureau of 
Mines for the past 2 x /i years. This paper records the results obtained 
on the effect ot certain variables on the electrodeposition of man¬ 
ganese, namely, time of deposition, cathode current density and cell 
temperature. It was found that the current density and time of deposi¬ 
tion could be varied over a wide range, with only a jrlight variation in 
current efficiency. The power requirement, however, does vary con¬ 
siderably. A cell temperature of 35 C was found to be: the optimum for 
operation. A decrease in temperature below 35 °C has only a slight 
effect on current efficiency and greatly increases the voltage. An increase 
above 35 °C results in a nodular and arboreal deposit with rapid lower¬ 
ing of current efficiency. The optimum conditions for the operation of 
electrolytic manganese cells were found to be 45 to 50 amp./sq. ft. 
( 4.9 to 5.4 amp./dm.’-’) cathode current density; 35 °C cell temperature; 
and 32 -hour deposition time. 


INTRODUCTION 

A relatively large pilot plant at Boulder City, Nevada, for the pro¬ 
duction of electrolytic manganese was conceived as part of the U. S. 
Department of the Interior National Defense Program to make this 
country independent of foreign imports of manganese. The first author¬ 
ization (in Novemlier. 1940 ) was for a plant of only several hundred 
pounds capacity, but improvements and additions increased the capacity 
to 2.400 lb. ( 1.090 kg.) per day. The plant has been operating con¬ 
tinuously since Novemlier. 1941 . with the exception of brief shut-downs 
for installation of new equipment. More than a 1 . 000,000 lb. ( 454,000 
kg.) of manganese metal have been produced. This paper is concerned 
with the effect of certain electrodeposition variables in the process: 
current density, time of deposition, and cell temperatures. 

1 Presented by |KTnti>si<>u i*f the Director, Bureau of Mines, U. S. Department of the 
Interior. Manuscript received July 1, 1944 . 

- Senior metallurgist. U. S. Bureau of Mines. Boulder City, Nevada. 

* Associate chemist, U. S. Bureau of Mines. Boulder City. Nevada. 

* Supervising engineer, U. S. Bureau of Mines, Boulder City, Nevada. 
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THE ELECTROLYTIC MANGANESE PROCESS 

Only a very brief description of the process as a whole will be given 
here, since it has been completely reported in the literature. A bibliog¬ 
raphy is appended which covers development of the process during the 
last few years. 

In the pilot plant at Boulder City, manganese ore is crushed through 
4S mesh (0.33 mm. hole) and reduced in a 10-hearth. 5 ft. (1.5 m.) 
diameter Skinner muffle furnace. The roast is necessary to reduce the 
higher oxides of manganese present in the ore to manganous, oxide, 
which is soluble in sulfuric acid. 

The reduced ore is leached with spent electrolyte from the cells, and 
the residue is separated from the solution in a 25 ft. (7.6 m.) thickener 
and washed in five 10 ft. (3m.) countercurrent thickeners. The raw 
leach solution is maintained at a pH of 6.5 and contains 33 to 35 g./L 
Mn, 130 to 135 g./L ammonium sulfate, and small quantities of im¬ 
purities, such as copper, arsenic, molybdenum, nickel, cobalt, etc. These 
impurities are removed as sulfides by precipitation with hydrogen sul¬ 
fide. (After the precipitated sulfides are removed by filtration, 0.1 g./L 
Fe as copperas is added to the solution and oxidized and precipitated. 
The ferric hydroxide precipitate removes any residual arsenic, as well 
as colloid sulfur and sulfides. After filtration the solution is ready for 
electrolysis. 

Electrolysis is carried out in 8 lead-lined wood cells connected in 
series by copper busbar. Each cell contains 27 stainless steel (type 316) 
cathodes (18 x 36 in., or 46 x 91 cm.), each having a submersed area 
of 6.9 sq. ft. (64 dm.*), and 28 lead -fl % silver anodes which are per¬ 
forated so that they are 40% void. The anode plates are spaced 3.5 in. 
(9 cm.) in the cell. The cathode area is 1.8 times the anode area; con¬ 
sequently, the anode current density is 1.8 times the cathode current 
density. This higher density on the anode lowers the amount of man¬ 
ganese oxide, MnCX, formed. 

The cell contains a false bottom, 10 in. (25 cm.) from the main 
bottom, from which a rectangular area is cut the width of the anode 
frames and a length equivalent to the thickness of 28 anode frames and 
spacer blocks. The anode frames, which are covered with canvas dia¬ 
phragms and open at the bottom, fit into the rectangular opening, and 
the false bottom is completed by insertion of wood spacer blocks be¬ 
tween the anode frames. In this manner,' the cell is divided into an 
upper compartment and a small lower compartment. The function of 
the lower compartment is to serve as a reservoir for tfie manganese 
oxide which drops off the anodes during electrolysis. The cathodes are 
suspended in the common aqueous catholyte. 

The flow of electrolyte is as follows: The purified feed solution, con¬ 
taining 33 to 35. g./L Mn, 130 to 135 g./L ammonium sulfate and 0.10 
g./L SCX, is 'added to the catholyte. From the catholyte compartment 
the solution flows through the canvas diaphragm into the anolyte com¬ 
partment. down into the lower compartment and out of the cell through 
a riser pipe at the end of the cell. 

The cells arc cooled by water circulating through lead coils in each 
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THE EFFECT OF CELL VARIABLES ON THE 
ELECTROWINNING OF MANGANESEf 

By J. H. Jacobs § 
abstract 

An electrolytic manganese pilot plant having a daily capacity of 
2,000 lb. (900 kg.) has been operated by the Bureau of Mines for the 
past 5 years. The results recorded'are on the effect of certain variables 
on the electrodeposition of manganese, namely, electrode spacing, rate 
of feed to the cells, manganese concentration in the cell catholyte, and 
length of cell operation before cleaning* It was found that in the 
catholyte outflow the manganese concentration should be maintained 
at an average of 12 g./L. A decrease or increase of manganese con¬ 
tent results in lowered efficiency through scaling and cracking of the 
deposits. The optimum manganese concentration in the feed was found 
to be 32 g./L, representing 20 g./L Mn removed from the solution. 
A greater removal of manganese and, consequently, a lower manganese 
feed rate increases the catholyte pH, which in turn decreases the cur¬ 
rent efficiency. When all factors, such as oxide formation at the anode, 
calcium sulfate precipitation on the diaphragms, and precipitation of 
manganese hydroxide in the catholyte, are taken into consideration, the 
cells should be cleaned every seven weeks to obtain most efficient cell 
operation. There is an increase of about 0.2 volt/cell between the first 
and seventh week of operation. 


INTRODUCTION 

Research and development work on a process for the electrowinning 
of manganese from low-grade ores has been carried on by the Bureau 
of Mines for the past 10 years. A process for electrowinning of man¬ 
ganese was developed in the Bureau laboratories at Reno, Nev., from 
1935 to 1938 by John Koster and S. M. Shelton, working under the 
guidance of R. S. Dean, now Assistant Director of the Bureau of 
Mines. In )940 money was appropriated by‘Congress for constructing 
a relatively large manganese pilot plant at Boulder City to operate 

t Presented by permission of the Director, Bureau of Mines, U. S. Department of the 
Interior. Manuscript received July KX 1946. 

3 Senior Metallurgist, Bureau of Mines, Boulder City, Nevada. 

Copyright 1946 by The Electrochemical Society, Inc. Printed in U. S. A. 
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the process, using commercial types and sizes of equipment, and to 
make improvements in the process whereby manganese could be pro¬ 
duced at a minimum cost. This plant has been operated continuously 
since 1941, first under the general supervision of R. G. Knickerbocker, 
now Chief, Metallurgical Branch of the Bureau of Mines and recently 
under C. W. Davis, Chief, Boulder City Division. Fig. 1 shows the 
cell room, which has a daily capacity of over 2,000 lb. (900 kg.) of 
manganese metal. 

More than 1,500,000 lb. (680,000 kg.) of manganese metal has been 
produced and all phases of the process have been studied and many 
improvements, particularly in cell design and operation, have been 
made. This is the second paper discussing the effect of certain cell 
variables on electrodeposition, and it is concerned .with electrode spacing 
in the cells, rate of feed to the cells, manganese concentration in the 
cell catholyte, and length of cell operation before cleaning. 

ELECTROLYTIC MANGANESE PROCESS 

Only a very brief description of the electrolytic manganese process 
as developed by the Bureau of Mines will be given here. A bibliography 
is appended which covers development of the process in recent years. 

In the pilot plant at Boulder City, manganese ore is crushed to Y in. 
(19 mm.) by a jaw crusher and rolls and then ground through 35 mesh 
(0.4 mm.) in a Hardinge Thermomill. The ore is then reduced in a 
10-hearth, 5 ft. (1.5 m.) Skinner muffle furnace at 750° C. The roast 
is necessary to reduce the higher oxides of manganese to manganous 
oxide, which is soluble in sulfuric acid. The reduced ore is leached 
by agitating in tanks with spent electrolyte from the cells which con¬ 
tains 4% to 5% sulfuric acid, and the residue is separated from the 
solution in a 25 ft. (7.6 m.) thickener and washed in five 10 ft. (3m.) 
thickeners. The raw leach solution is maintained at a pH of 6.5 and 
contains 32 to 34 g./L Mn, 130 to 135 g./L ammonium sulfate, and 
small amounts of impurities, such as copper, zinc, arsenic, molybdenum, 
nickel, cobalt, etc. These impurities are precipitated as sulfides with 
hydrogen sulfide. After the sulfides are removed by filtration, 0.1 g./L 
Fe as copperas is added to the solution and oxidized and precipitated. 
The ferric hydroxide precipitate removes any residual arsenic and 
molybdenum, as well as colloidal sulfur and sulfides. After filtration 
the solution is ready for electrolysis. 

Electrolysis is carried out in 8 lead-lined wooden cells connected 
electrically in series by copper busbar. Each cell contains 27 type 316 
stainless steel* cathodes, 18 x 36 in. x 16 gauge (46 x 81 cm. x 1.6 mm.), 
and 28 lead + 1 % silver anodes, which are made of strips so that the 
area is equal to 60% of the cathodes. The anodes are spaced 3.5 in. 
(9 cm.) apart in the cell. The normal time of deposition is 24 hours 
at a cathode current density of 45 amp./sq. ft. (4.9 amp./dm.*) with 
resulting current efficiency of 64% to 66%. The cell voltage is 5.2 to 
5.3 volts. 

The anodes are suspended inside canvas-covered wood frames open 
at the bottom. The cell* contains a false bottom with a rectangular 

• Ni, 11%; Cr, 18%; Mo, 2%. 
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Our invention relates to a continuous cyclic 
process for the extraction of manganese from 
its ores and the recovery, through electro- 
deposition, or substantially pure metallic man¬ 
ganese. 

We are aware that processes for the extrac¬ 
tion of manganese from its ores and the subse¬ 
quent electro-deposition of metallic manganese 
from manganous sulphate electrolytes have been 
the subject of exhaustive investigation for a num¬ 
ber of years. Until recent years, however, it has 
not been feasible to apply electro-chemical 
methods on a commercial scale, due to the lack 
of fundamental knowledge of essential operating 
conditions, the difficulty In maintaining the elec¬ 
trolyte substantially free from impurities which 
tend to inhibit the deposition of manganese, and 
the low current efficiency which increases the cost 
of the manganese above economic limits. 

We are also aware that manganese has been 
electrolytically deposited from electrolytes formed 
of a solution of manganous sulphate-ammonium 
sulphate as exemplified by Allmand and Camp¬ 
bell, (Transactions of the Faraday Society, 1924); 
by technical literature, such as the article by 
Fink and Kolodney, “Electrodeposition of 
Metallic Manganese Using Insoluble Anodes" 
which appeared in Transactions of the Electro¬ 
chemical Society, 1937; and by Shelton in his 
U. S. Patent No. 2,119,560. 

One of the principal features of our invention 
resides in the manner in which we continuously 
electrolyze a separately cycling electrolyte formed 
of a solution of manganous sulphate and am¬ 
monium sulphate, in the cathode compartment 
of an electrolytic cell, while maintaining, in the 
anode compartment, an entirely different elec¬ 
trolyte consisting of an aqueous sulphuric acid 
solution. The two compartments are separated 
from each other by means of a porous dia¬ 
phragm; the anolyte and the catholyte do not 
Intermix except to the extent to which there is 
a transfer of ions through the diaphragm dur¬ 
ing electrolysis, and to the extent to which sul-' 
phuric add enters the catholyte from the anolyte 
as the result of diffusion. The additions to the 
anolyte and catholyte, necessary to maintain the 
electrolysis, are made separately and each elec¬ 
trolyte is separately discharged from its respec¬ 
tive compartment. 

A further feature of our invention resides in 
the manner in which we continuously produce 
sulphuric add in the anolyte and, maintaining 
it at a predetermined concentration by the addi¬ 


tion of water, use the solution thus g ener ated 
for the subsequent leaching step of the process. 

Further features of our invention reside in the 
manner in which we continuously purify the 
5 solution from the leaching step and obtain there¬ 
from hydrated manganous sulphate crystals in a 
highly purified condition and also in the manner 
in which we use these purified crystals to re¬ 
plenish the spent catholyte. By the addition of 
10 the hydrated manganous sulphate crystals to 
the depleted catholyte, we form a solution which 
is suitable for returning to the cathode compart¬ 
ment as feed solution. The concentrations of 
the constituents of the replenished solution are 
15 controlled within predetermined ranges which 
have been found essential to maintain optimum 
operating conditions. 

The manner in which we operate our process 
to realize the above and other features will be 
20 apparent from the following description and 
accompanying drawing in which the various steps 
of the process are Illustrated diagramxnatically. 

Like reference characters refer to like parts 
throughout the specification and drawing. 

25 The numeral I indicates a diaphrag m type 
cell in which the cathode compartment C is sepa¬ 
rated from the anode compartment A by means 
of the porous diaphragm 2, formed of such 
material as alundum. The cathode may be 
SO formed of iron, aluminum or of a suitable chro¬ 
mium iron alloy or stainless steel. The anode is 
preferably formed of lead. While the cell shown 
has only two compartments, one compartment 
containing the aaolyte and the other, the 
35 catholyte, other types of cell, such as a cell 
divided into three compartments with an anode 
compartment on each side of the cathode com¬ 
partment, would be suitable. 

The electrolyte circulating through the cathode 
40 compartment consists of a compound 

sulphate- ammonium sulphate solution. The 
electrolyte in the anode compartment consists 
of a sulphuric acid solution. Each of the elec¬ 
trolytes is constantly maintained within a pre- 
45 determined range of concentration. 

Water is continuously added to the anolyte 
at T. The rate at which the water is added is 
regulated so that sulphuric add of a desired 
concentration is formed on reaction of the water 
59 with the sulphate Ions entering the anolyte from 
the cathode compartment. 

The numeral 3 indicates the leaching step of 
the process wherein manganous oxide or man¬ 
ganous carbonate is leached with the sulphuric 
55 acid solution withdrawn from the anode com- 
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partment. Additional sulphuric add from other ganous sulphate being approximately 194 and 96 
sources may be added, if accessary, during this grams per litre respectively, 

step to replace losses of sulphuric add which The cathdyte, as it flows through its compart* 
may occur in this or in the subsequent filtering ment of the cell, is depleted of manganese by the 
step of the process. 5 electro-deposition of that metal. The rate of 

The solution obtained from the leaching step flow of the solution through the cathode com- 

is filtered at 4 and the filtrate is purified to re- partment of the cell, and also its composition 

move impurities such as nickel, cobalt, zinc, lead. at entrance and exit are readily regulated to 

iron, arsenic and antimony. While we do not give the mo 6 t satisfactory results. As elec- 

wish to limit the scope of our present Invention io trolysis proceeds, however, the pH of the catho- 
to any particular purification step, we have found lyte, unless suitable provision is made, will drop 

that the use of hydrogen sulphide for the predpi- from the preferred value of about pH 8 to a 

tatlon of metallic impurities present in solutions point where no further deposition of manganese 

retaining manganese is particularly suitable in can be obtained. 

this step of the process, after removal of iron 15 The drop In pH value of the catholyte is caused 
by standard methods. by an accumulation of sulphuric add as a result 

The purified pregnant solution is passed into of the diffusion of sulphuric add from the ano- 
crystallizer 5 wherein hycfcated manganous sul- lyte and it is necessary, therefore, to control the 

phate is crystallized by healing. We have found pH value of the catholyte by the addition of 

that the crystallization step may be readily ef- 20 ammonia. 

fee ted by taking advantage of the fact that, with- We have found that when the pH of the solu- 

in certain limits, the solubility of man g anous tion drops below a value of about 4, the manga- 

sulphate in aqueous solution decreases with an nese deposits are unsatisfactory, and therefore 

increase in temperature. During this step, some we prefer to maintain the pH value of the solu- 

water is removed by evaporation. 25 tion within the range of from pH 4 to pH 8 by 

The mother-liquor from the crystallizing step the addition of ammonia, 
may be added to the fresh solution from the We have also found that very satisfactory re- 
purification step and thus re-circulated through suits are obtained when the rate of flow of the 

the crystallizer or, if the impurities in the mother- catholyte from the cell is so regulated that the 

liquor should build up to an undesirable extent, 30 fresh pregnant solution contains about 50 grams 
they may be removed by returning the solution to of ammonia, as NH 3 , per litre, and 35-40 grams 

the circuit ahead of the purification step. of manganese, as Mn, per litre, and the depleted 

The crystallized hydrated manganous sulphate solution contains about 55 grams of ammonia, 
is mixed at 8 with spent catholyte withdrawn as NH 3 , per litre, and 20-25 grams of manganese, 
from the cell. The rate of addition of hydrated 35 as Mn, per litre. 

manganous sulphate crystals to the spent catho- An Increase in ammonia content of the outlet 
lyte is sufficient to replenish the solution ade- solution over the inlet solution Is caused by the 

quately before being returned as fresh pregnant addition of ammonia to control the pH value of 

feed solution to the cathode compartment. The the catholyte, as outlined above, and it will be 
rate of addition of manganese, in the form of 40 apparent that the ratio of the weight of am- 
hydrated manganous sulphate, to the spent cath- monla to the weight of manganese is much 

olyte is equivalent to the rate at which manganese higher in the depleted solution than it is In the 

is deposited on the cathode. fresh pregnant solution. In the present Ulus- 

Referring now to specific operating conditions, tration. for example, the ratio is approximately 

we have found that the concentrations of am- 45 1.4 in the feed solution and from 2.0 to 3.0 in 
monium sulphate and manganous sulphate that the depleted solution. 

may be used in the electrolyte may be varied As set out above, ammonia is added to the 
through a relatively wide range. We have found catholyte to maintain the pH value thereof 
that these two salts may be used in the elec- within the range of from pH 4 to pH 8 which, in 
trolyte in such relative amounts that the ratio so forming ammonium sulphate, adds to the am- 
of the weight of ammonia present in the solution monium sulphate already present. If necessary, 
to the weight of the manganese present is as the spent catholyte may be treated to render the 
low as 0.2. As the use of this minimum ratio excess ammonia content available for recircu- 
ls not '*nrnmprri^iiy practicable, we prefer to use la tion. 

concentrations of ammonium sulphate and 35 In the anode compartment, the concentration 
manganous sulphate such that the weight of of sulphuric add In the anolyte is maintained 

ammonia present is not less than 1.4 times the sufficiently high so that the solution obtained 

weight of the manganese present. Using our from the leaching step, on entering the crystal- 
preferred ammonia-manganese ratios, the actual lization step. Is nearly saturated with manganous 
concentrations of ammonium sulphate and of 55 sulphate at ordinary temperatures, and contains 
manganous sulphate may be varied within wide from 150 to 200 grams of manganese per litre. 
ur which are governed by the maximum The sulphuric add solution in the anode corn- 

solubility of each of these two salts when in the partment Is continuously formed by the reaction 
same solution, at temperatures of about 25 s C. to of the sulphate ions which migrate into that 
35 ° c„ jmri by the lowering of the cathode current eo compartment with the water which is added 
efficiency to the point at which operation of the thereto. The total amoun t of sulphuric add pro¬ 
cell becomes uneconomical on a commercial duced in a given time, of course, depends on the 
scale. When operating the cell with an ammonia- amount of manganese deposited on the cathode 
mftngftnASA ratio such that the weight of am- in the same time; theoretically, for each pound 
monia i s at least 1.4 times the weight of the 70 of manganese deposited, 1.78 pounds of sul- 
mung ftnpxft, we prefer to use, in the feed solu- phurlc add are produced. We prefer to intro- 
t ion, concentrations of the order of 50 grams of duce water Into the anode compartment at a 
ammonia as NHj, per litre and of 35 grams of rate such that the withdrawn solution contains 
man^anpsp , as Mn, per litre, the corresponding from 10% to 35% sulphuric add by weight. Hav- 
coneentrations of ammonium sulphate and man- 75 lng regard to evaporation losses, losses arising 
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from the formation of hydrogen and oxygen at 
the electrodes, and also to the amount of acid 
that is neutralized in the cathode compartment, 
the amount of water introduced into the anode 
compartment Is readily adjusted to give a desired a 
concentration of sulphuric add in the effluent • 
solution. 

The temperature of the leaching step is pref¬ 
erably maintained within the range of from 25* 

C. to 35° C. and an excess of manganous oxide to 
or manganous carbonate is always present in 
that step to ensure that all the sulphuric add 
present is neutralized. 

Both manganous oxide and manganous car¬ 
bonate, when prepared artificially, react readily is 
with sulphuric add of practically any strength, 
at temperatures as low as 25* C. On the other 
hand, manganous carbonate, if available in the 
form of an ore, requires to be leached with hot 
add. and we have found it preferable to leach 20 
such an ore at a temperature of about 70* C., 
to ensure that the manganous carbonate will 
react readily with sulphuric add. Leaching at 
this temperature will produce a supersaturated 
solution, and It will therefore be necessary, after 25 
cooling this solution, to agitate the solution for 
a sufficient period to dissolve any manganous 
sulphate which may have crystallized out. When 
the manganese ore Is composed of a higher oxide 
which is not soluble, the ore is first reduced by 30 
conventional methods, such as by a reducing 
roast, to a lower oxide which is soluble in sul¬ 
phuric acid. 

The purification step of the process is operated 
within the temperature range of from 25° C. to 35 
35* C., within which range the manganous sul¬ 
phate is most soluble. 

The conditions under which the crystallization 
step is operated depend upon the rate at which 
hydrated manganous sulphate crystals must be 40 
added to the depleted catholyte solution to main¬ 
tain the rate of feed of fresh pregnant solution 
to the cathode compartment. We have found by 
introducing the purified solution Into the crystal¬ 
lizer at about 27* C., the solution contains the 45 
greatest concentration of dissolved manganous 
sulphate. The crystallizer is preferably main¬ 
tained within the temperature range of from 
80* C. to 102* C. 

The mother-liquor from the crystallizing step 50 
may be recirculated through that step, or, alter¬ 
natively, it may be passed to the purification 
step to permit the removal of impurities. 

The manganous sulphate crystals leaving the 
hot crystallizer are presumably combined with 55 
one molecule of water of crystallization as ex¬ 
pressed by the formula MnSOiHsO. If the crys¬ 
tals are permitted to cool while exposed to the 
atmosphere, they absorb moisture until their 
formula may be expressed as MnSO«.4HaO. &o 
While sufficient water must be added to the 
catholyte to replace that lost by evaporation and 
by electrolysis, the addition of water In excess 
of that amount should be avoided, otherwise the 
catholyte will be diluted to an undesirable ex- 65 
tent. We have found, therefore, that the hy¬ 
drated manganous sulphate crystals on leaving 
the crystallizer should be Introduced immedi¬ 
ately into the mixing step. 

The hydrated manganous sulphate crystals are 70 
passed to the mixing step of the process into 
which also flows the depleted catholyte solution 
withdrawn from the cathode compartment. The 
mixing can be effected either as a batch process 
or continuously as desired. The rate of addition 75 


of hydrated xnangotous tpfipha-t* crystals to the 
spent catholyte Is controlled in such a manner 
that the effluent soution from the mixing step is 
of the com positionjpsired for the fresh pregnant 


catholyte entering, 
set out hereinabov. 

The cell is 
density of from 
of cathode surfact 
electrolyte is 


cathode compartment, as 


,bly operated at a current 
> amperes per square foot 
id the temperature of the 
led at about 25 to 35* C. 
Under these conditons, we obtain a current effi¬ 
ciency of about 50s, substantially the remainder 
of the current beiig consumed in the generation 
of hydrogen at th> cathode and oxygen at the 
anode. 

We have found V operating our process in the 
m a nn er set out above that the continuous op¬ 
eration thereof is fleeted on a commercial scale 
to result in a ccm»ct, coherent deposit of sub¬ 
stantially pure maganese and at the time 
permitting economies In the process which here¬ 
tofore have been ctnsidered impossible to realize. 

For example, by maintaining a separately cir¬ 
culating manganoas sulphate- ammonium sul¬ 
phate electrolyte !a the cathode compartment 
and in the anode compartment an electrolyte 
consisting of an mueous sulphuric acid solu¬ 
tion, we increase the conductivity of the anolyte, 
thus m a kin g possible Increased power efficiency! 
Furthermore, we avoid the formation of man¬ 
ganese dlojdde at the anode which, in addition 
to increasing the circulating load on the sys¬ 
tem, necessitated shutting down the former type 
of cell at frequent intervals to remove the pre¬ 
cipitated manganese dioxide. 

We have found that economic advantages re¬ 
sult from the smaller volume of ammonium 
sulphate and manganous sulphate solution re¬ 
quired. Also, the crystallization step effects ad¬ 
ditional purification of the electrolyte. 

It will be apparent, of course, that the process 
disclosed hereinabove is not limited to the ex¬ 
amples set out. Various modifications of the 
preferred method may be made to meet specific 
operating conditions without departing from the 
scope of the appended claims. 

What we claim as new and desire to protect 
by Letters Patent ol the United States is: 

1. In a continuous process for the electro¬ 
deposition of manganese in a diaphragm type 
cell, the steps of feeding a manganous sulphate- 
ammonium sulphate electrolyte having a pH value 
within the range of from pH 4 to pH 8 into the 
cathode compartment, the anode compartment 
containing an electrolyte consisting of an aque¬ 
ous sulphuric acid solution, continuously with¬ 
drawing depleted manganous sulphate-am¬ 
monium sulphate electrolyte from the cathode 
compartment and replenishing the manganese 
content thereof by the-addition of amtamm 
sulphate and continuously returning the replen¬ 
ished electrolyte to the cathode compartment, 
continuous^ feeding water into the anode com¬ 
partment in amount sufficient to combine 
with the sulphate tons migrating through the 
diaphragm to form an aqueous sulphuric acid 
solution, and continuously withdrawing aqueous 
sulphuric acid solution from the anode compart¬ 
ment. 

2. In a continuous process for the electro- 
deposition of manganese in a diaphragm type 
cell, the steps of feeding a manganous sulphate- 
ammonium sulphate electrolyte having a pH 
value within the range of from pH 4 to pH 8 into 
the cathode compartment, the anode compart- 
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ment containing an electrolyte consisting of an aqueous sulphuric add solution containing from 


aqueous sulphuric add solution, continuously 
withdrawing depleted manganous sulphate-am¬ 
monium sulphate electrolyte from the cathode 
compartment and replenishing the manganese 5 
content thereof by the addition of manganous 
sulphate and continuously returning the replen¬ 
ished electrolyte to the cathode compartment, 
in timing the pH value of the catholyte within 
the predetermined range by the addition of am- 10 
monla, continuously feeding water Into the anode 
compartment in amount sufficient to combine 
with the sulphate ions migrating through the di¬ 
aphragm to form an aqueous sulphuric add solu¬ 
tion, and continuously withdrawing aqueous sul- is 
phuric acid solution from the anode compart¬ 
ment. I 

3. In a continuous process for the electro-depo¬ 
sition of manganese In a diaphragm type cell, the 
steps of feeding a manganous sulphate-arumoni- 20 
urn sulphate electrolyte, in which the ratio of the 
weight of ammonia to manganese is maintained 
above 0.2 and having a pH value within the range 

of from pH 4 to pH 8, into the cathode compart¬ 
ment. the anode compartment containing an 25 
electrolyte consisting of an aqueous sulphuric 
add solution, continuously withdrawing depleted 
manganous sulphate-ammonium sulphate elec¬ 
trolyte from the cathode compartment and re¬ 
plenishing the manganese content thereof by the 30 
addition of manganous sulphate and continuously 
returning the replenished electrolyte to the cath¬ 
ode compartment, continuously feeding water in¬ 
to the anode compartment In amount sufficient 
to combine with the sulphate Ions migrating 35 
through the diaphragm to form an aqueous sul¬ 
phuric add solution, and continuously withdraw¬ 
ing aqueous sulphuric add solution from the 
anode compartment. 

4. In a continuous process for the electro-depo- 40 
sitlon of manganese in a diaphragm type cell, the 
steps of feeding a manganous sulphate-ammoni¬ 
um sulphate electrolyte having a pH value within 
the range of from pH 4 to pH 8 into the cathode 
compartment, the anode compartment contain- 45 
ing an electrolyte consisting of an aqueous sul¬ 
phuric acid solution, continuously withdrawing 
depleted manganous sulphate-ammonium sul¬ 
phate electrolyte from the cathode compartment 
and replenishing the manganese content thereof 50 
by the addition of manganous sulphate and con¬ 
tinuously returning the replenished electrolyte to 
the cathode compartment, continuously feeding 
water into the anode compartment to combine 
with the sulphate ions migrating through the 55 
diaphragm and in amount sufficient to form an 

1 

r 


10% to 35% sulphuric add by weight, and con¬ 
tinuously withdrawing aqueous sulphuric add so¬ 
lution from the anode compartment 

5. A continuous process for the electro-depo¬ 
sition of manganese which comprises electrolyz¬ 
ing a manganous sulphate-ammonium sulphate 
electrolyte, in which the ratio of the weight of 
ammonia to manganese is maintained above 14 
and having a pH value maintained within the 
range of from pH 4 to pH 8 by the ad d ition of 
ammonia, in the cathode compartment of a dia¬ 
phragm type electrolytic cell, the anode compart¬ 
ment containing an electrolyte consisting of 
aqueous sulphuric add solution, continuously 
withdrawing depleted manganous sulphate-am¬ 
monium sulphate electrolyte from the cathode 
compartment and replenishing the manganese 
content thereof by the addition of manganous 
sulphate and continuously returning the replen¬ 
ished electrolyte to the cathode compartment, 
continuously f eeding water into the anode com¬ 
partment in amount sufficient to combine with 
the sulphate ions migrating through the dia¬ 
phragm to form an aqueous sulphuric add solu¬ 
tion, and continuously withdrawing aqueous sul¬ 
phuric add solution from the anode compart¬ 
ment. 

6. A continuous process for the electro-depo¬ 
sition of manganese which comprises electrolyz¬ 
ing a manganous sulphate-ammonium sulphate 
electrolyte. In which the ratio of the weight of 
ammonia to manganese is maintained above 1.4 
and having a pH value maintained within the 
range of from pH 4 to pH 8 by the addition of 
amm onia, in the cathode compartment of a dia¬ 
phragm type electrolytic cell, the anode com¬ 
partment containing an electrolyte consisting of 
an aqueous sulphuric arid solution, continuously 
withdrawing depleted manganous sulphate-am¬ 
monium sulphate electrolyte from the cathode 
compartment and replenishing the ma n ganese 
content thereof by the addition of manganous 
sulphate and continuously returning the replen¬ 
ished electrolyte to the cathode compartment, 
continuously feeding water into the anode com¬ 
partment to combine with the sulphate ions mi¬ 
grating through the diaphragm and in amount 
sufficient to form an aqueous sulphuric arid solu¬ 
tion containing from 10% to 35% sulphuric add 
by weight and continuously withdrawing aqueous 
sulphuric acid solution from the anode compart¬ 
ment. 

WILLIAM HENRY HANNAY. 

BASIL JOSEPH WALSH. 
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Leaching step. 
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! 

j (4) Iron is removed by "standard methods" 

(oxidation by air or manganese dioxiie) 


Purification, and 
Filtering step 


► ! (5) The solution la treated vlth hydrogen 

I> i aulflde for the precipitation of 

^ | metallic impurities. 


Crystallizatioi 

step. 


Hydrated 
MnSOj^ crystals. 


The crystallization atep effects 
(6) additional purification of the electrolyte 
(Page 3, line 39). 

The mother liquor any be passed to the 
purification step to permit the removal 
of impurities. (Page 3> 1*°° 50) 


Mixing step. 


(7) 
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(2) The leach solution contained Manganese sulphate . 
end aamonlvn sulphate, and aa Impurities the 
aulphatea of iron, arsenic, copper, nickel, etc. 


(3) 


(H> 


(5) Because thai amount of iron In solution vas so snail 
that vhen it was precipitated it would not cany 
down all of the arsenic, aore iron was added as 
ferrous sulphate and Manganese dioxide was added as 
an oxidizing agent. The iron, arsenic, copper and 
nickel are present as sulphates. The iron was pre¬ 
cipitated and carried with It the arsenic. This 
step did not precipitate the copper or nickel because 
they were present In the solution as sulphates. 

(6) The precipitate of Iron and arsenic was filtered off. 

(7) 


I (8) The filtrate was treated with xanthate in order to 
convert the sulphates of copper and nickel to the 
sulphides of copper and nickel. 

I 

! 

(9) The precipitated sulphides of copper and nickel 
were filtered fro* the solution, bet sore of the 
sulphides of copoer and nickel still remained 

, . dissolved in the solution. 

( 10 ) 


Kii) 


12 ) 


13) 
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,«f Si. mad It is wMom adrbtble to nw notv thaa oae part of HC1 to ten of 
Hi aolitka* (tU§ refers to the reagent HCt, 1994). 

. & TW nnHpitatioo taken place better from the warm solutions than from 
tin aaM (i>l): hence it la directed to warm the solution before passing in the 
SJ. and be fare llterinf heat again nearly to boiling. If arsenic be present, 
the optatSao should be kept at nearly the boiling point, and the gas passed 
Into the solution for nevernl minutes (§68. Gr). 

1 The precipitated sulphides of the metals of the tin and copper group 
(second group) present s variety of colors, which aid materially in the further 
analysis of the group. Gdl* 8 b 1> • AnA and A»A are leroon-yellow: 8b, 8, 
and SbA are orange: Isl. EgS.-FbS. Biji,, Ctt,S and CuS are black t.» 
brownish*black. If too much EC! be present, lead salts frequently precipitate 
a red double salt of lead chloride and lead sulphide (|57. fir). Mercuric chloride 
at first forms a white precipitate of H|Cl,^n|i, changing from yellow to red. 
and finally to black' with more H,8, doe to the gradual conversion to Hg2 
<158. €r). 

7. Addition of water to the solution before passing in K,S may cause the 
precipitation of the oxychlorides of 8b. 8n or 111 (jrf: |70. |71 am! §76). These 
should not he redissolved by the addition of more HC1. as they are readily 
transposed to the corresponding sulphides by H r 8. ami the excess of’acid 
necessary to their resolution may prevent the precipitation of cadmium or 
cuuae the formation of the red precipitate with lead chloride. 

8. Arsenic when present as arsenic acid is precipitated exceedingly slowly 
from its cold solutions, and tardily even from the hot solutions. Frequently 
the other metals of the group may be completely precipitated and removed by 
filtration. when a further treatment with K T 1 causes a precipitation of the 
arsenic is AiA from the hot solution. Thb slow* formation of a yellow pre¬ 
cipitate is often a very sore indication of the presence of pentad arsenic (|69. 
4V* i).' 

f. The prr s enct of a strong oxidizing agent as EVO,. X.Cr.O, • JFsCl*. etc., 
causes with HiS the formation of a white prrclpitate of sulphur' ({125. Gr), 
which Is often mistaken as indicating the presence of a second group metal. 
If the original solution be dark colored, it Is advisable to warm with hydro¬ 
chloric arid and alcohol (1125. fi 1 and 10) to effect reduction of a possible higher 
oxidized form of Cr or Xn before the precipitation with H;8. thns avoiding 
the unnecessary precipitation of sulphur. 

10. Complete precipitation of the metals of the second group with HA mar 
fail: tit from incomplete saturation with the gas (|81. S): <-) from the pres¬ 
ence of too much HC1 (|81, 4): (J) from the presence of much pentad arsenic 
(182. fir). The first cause of error may be avoided by careful oluu-rrance of the 
directions in note (5). To prevent the second cause of error a portion of the 
filtrate, after the removal of the precipitate by filtration, should lie largely 
diluted with water (10. volumes) and H-8 (gas or saturated water solution) 
agsin added. In case a further precipitate is obtained, the whole of the filtrate 
should be diluted and again precipitated with HA- This should lie repeated 
until the absence of second group metals is assured. If n slow formation of a 
yellow precipitate indicating Ai v is oliserved. HA should be passed into the 

* Addition of a strong add. cootamhur M i*»n* in large .juant tty. diminishes the already slight 
dlssni 1st too of the 1,11{44 . thus •bcn«ilnr in numtrr the S ions, whose once nt ration multi¬ 
plied by that of the metal kw au«t equal the solubility-product of the sulphide in qiirttfaa. 
before precipitation can take place. Hreclpttatkin of sor of the sulphides of the Tin and 
Copper <imup may t-e entirely prevented in this way. 

It frnioratly happens that addition of water alone will cause precipitation of tbesr sulphides 
frua a strongly add solution whieh has tern saturated with Ha This appears strange in view 
of the fact that the acid which prevented precipitation and the arid which Anally produ.-cd tt 
were t**th dilute.) t.y the added water in the same proportion. But as a matter of fart dilution 
does not have the same etN-ct i« a strong acid as on a weak one. Dissociation is always In 
creased by dilution, but in much greater ratio In the caw* of a weakly-dissociated body as II,* 
than where the dims .elation of the substance is already practically cotnplrta, as In the case of 
the strong arid. iMlution in the case mentioned increases the relative concentration of the • 
loos and so the solubility-product is raacbed and predplMttue Rsnlh 
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hotliioliition for fully .'u* minute* (Note .«) or the 'olntion nhonli] In* treated 
witjji SO, or m>iij»* other agent for the reduction of As v to As " (369. 1«). 


^2. Mftftipttlfttion.—After tin* precipitate li;i- fiecu well \r;»>hr« l with 
!:«>: water the point «f the filter i> pien«**l with, a small stirring rod and 
the precipitate washed into a te>t-tul«e. u>in^ a> small an amount of water 
a* no'.-ihle. Yellow ammonium sulphide (WH.i-S. (£83, 2) is then added 
and the precipitate digested for several minute' with warming: 

As.S, + CiKH,).*, =r (HH.).As.S, + ft, 
ftnft - ira.1,1, = (HH.t.SnS, 

2So8 ; - -*<HH.)ft. = :(VH,lM +'ft, 
uSb.I, -r •'•(HH.i 8. = «<HH.),Ib8. + S, 

2Moft, -f 2(VH.i : S t = -*(KH.)jlCo8 t + ft. 

The precipitate* i« then tilter^l ami 'washed onee or twice with a small 
amount of (JVHj.S, . ami then with hot water. The filtrate eoti.'h*tin^ of 
sOtMloll* of til'* Mllphhle* of As. Sb. 8n . Aw. Pt. Mo (<»>. /r, Sr. Tr % 
iri n. constitute* the Tin Group (Idivision A of the '«*e»>nd ; r r<mp). The 
precipitate remaining upon the filter. con*i>tin;r of the sulphide* of Hf. 

n. Bi. Cn. Cd in*. /*•/. L'h, ami Urn. constitute* the Copper Group 

tlfi\i'i**n B "f the ««von>l jjroup. £95). 



<83. -t. The precipitate of the sulphide* of the tin ami copper group 

tnp*t )<e thorimuhU—w-H'ln*'l with hot water ipreferably containing H : ft atul 
jili-ul «•?)«* j»»*r eemt of reagent HC1 to prevent the formation of Mtluhlr colloidal 
siaphidc* | J09. 3c), to insure the removal of the metal* of the iron ami zinc 
gani}**. which would be precipitated on the addition of the ammonium sulphide 
(IP 44). - . 

Yellow ammonium sulphide. <HH. ).S\. form* upon allowing the normal 
•hide. ( MH,).ft. to stand for sometime. or it may lie p re {wired for imme- 
te u*r l»v adding sulphur to the freshly prepared normal sulphide (|957. 

Kfr arsenic sulphide* the normal ammonium sulphide may lie employed, hut 
tljr sulphides of antimonx are soluble with difficult\. ami stannous suiphidr i* 
xtireelv at all soluble in that reagent: while tliVv are all ivadilv soluble in the 

^.lyMtlphidr («r: joe. 170 and 171). 

«... Cupric sulphide. CuS. Lx sparingly soluble in the yellow ammonium sul¬ 
phide and will pi»i* a grayisli-black preeipitate ii|M>n acidulation with HC1. 
T)ie sulphide* of the tin group are Miluhlr in the fixed alkali sulphide*. K 8 
aju! Ha ft: e.iprie sulphide i* insoluble in thc*c sulphides. Memiriu sulphide, 
howexer. i* much more soluble'*n fixed alkali sulphide* than eupric sulphide i* 
i# the iHH.I.ftv. If copper be prexent and mercury lie absent. it i* nrom- 
n|ei.i|ei| to ».*e Kft nr a<:l instead of iHH.i fti for the separation of t ; m* 
*4e..n.> irroiip «>f sulphide* itito division* A (tin group)-and H (copper croup). 
If**t »f Hjf* le present, the (HH. ) : S, should lie used. and the presence or 
j 4*'« m*»* of frrter* of copper le determined from a {*»rtion of the filtrate from 
t|ie *il\er jfniup before the addition of H.8 < 3103>. 

i The sulpbult* dix«olve more readily in the (HH.).ftt when the xolntion ix 
^armeij. An ficew of the rrav^nt U to be avoided, ax the acidulation of the 
aplution cauxex the prreipifation of aulphur ()856. 3), which may olxeurc the 
|wrcipitate* of the aulphide* prexcot. 
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COMPARISON OF 

ESnaay et ml Patent Ho. 2,2J?,kl3 
>jniV .• - -V«'. Bureau of Hines Bulletin R. I. 3ko6 





Banner at al - Patent 2,259,kl8 

. Bureau - R. I. ?bC )6 

Woodman et al Serial Ho. k^O 

Step 1 

Btm 1 , — 

StVP 1 

Removes iron and araanlc present 
aa sulphates by standard methods 
(Oxidation with manganese 
dioxide or air) 

Ramoves Iran and arsenic present 
. as sulphates by oxidation with 
manganese dioxide. Adds some 
Iron (as ferrous sulphate) 
before oxidation because the 
original solution did not eantalx 
enough Iron to carry down all of 
the arsenic. 

Removes Iron and arsenic 
present as sulphates by 
oxidation with air and/or 
manganese dioxide. Iran 
(as ferrous sulphate) Is 
added If the original Iron 
present In the solution Is 
Insufficient to carry down 
all the arsenic. 

Step 2 

?tep 2 

Step 2 

Precipitates metal Imparities 
with hydrogen sulphide. (Such 
as nickel, cobalt). 

Precipitates cobalt and nickel 
as the sulphides with Xanthates. 

Precipitates metal Impurities 
with hydrogen sulphide. 

(Such as nickel, cobalt) 

Step ^ 

Step ^ 

Step 

Crystallizes aanganous sulphate 
crystals from solution at 
temperatures of 8 o°C. to 102°C. 
Crystallization step effects 
additional purification of the 
electrolyte. 

Ho additional purification used. 

Iron added (usually as 
ferrous sulphate) to the ' 
solution from the sulphide 
treatment, further jwrifi- 
catlan results by removing 
soluble metal sulphides and 
sulphide Ions from the 
solution. 

2 \?p ..?* 

Step k 

Step k 

Purified manganous sulphate 
crystals are dissolved in 
catholyte from the electrolytic 
cell and resultant solution Is 
fed to the electrolytic cells. 

SCV> Is added to the Xanthate 
treated solutions and Is fed to 
the electrolytic eells. 

Purified solutions fed 
directly to the electrolytic 
eells. 
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STATEMENT OF QUESTIONS PRESENTED. 

1. The ultimate question presented to this Court 
for decision is whether appellant is entitled to the grant 
of a patent on its process of purifying manganese salt 
solutions. This involves a determination of 

2. Were the individual steps of appellant’s process 
old in the art prior to applicants’ invention? 

3. Is the sequence of steps used in applicants’ 
process critical and necessary to obtain the desired re¬ 
sults? 

4. Would it be obvious to one skilled in the art to 
combine the teachings of the references (Hannay et al. 
patent No. 2,259,418) and Bureau of Mines Bulletin R. I. 
3406) into the particular sequence of steps claimed by 
applicants, where that particular sequence gives new 
and improved results and where workers highly skilled 
in the art and familiar with the teachings of the indi¬ 
vidual references had been trying unsuccessfully for 
years to solve the problem? 
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In The 

United States Court of Appeals 

For the District of Columbia 


APPEAL NO. 10928 


VANADIUM CORPORATION OF AMERICA, 

Appellant, 

v. 

JOHN A. MARZALL, COMMISSIONER OF PATENT^, 

Appellee. 


Appeal from a Judgment of the United States District 
Court for the District of Columbia. 


BRIEF FOR APPELLANT 


L 

JURISDICTIONAL STATEMENT. 

On February 10, 1942, Frank W. Woodman aid 
Miles B. Royer filed in the United States Patent Office 
an application Serial No. 430,258 for “Purification if 
Manganese Salt Solutions” (App. 74). Upon refusal of 
the Patent Office Examiner to grant a patent, applicants 
* appealed to the Patent Office Board of Appeals. The 
Patent Office Board of Appeals in a decision dat^d 
March 26, 1948 (App. 98) affirmed the Examiner ^n 
his rejection of the appealed claims numbered 22, 26 
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Jurisdictional Statement. 


27 and 28. Applicants on April 15, 1948 filed a petition 
for reconsideration of the Board of Appeals’ decision 
(App. 102) and the Patent Office Board of Appeals in 
its decision dated September 28, 1948 adhered to its 
original decision (App. 107). 

On September 25, 1948, Vanadium Corporation of 
America, assignee of the Woodman and Royer applica¬ 
tion, filed its Complaint (App. 2) in the District Court 
of the United States for the District of Columbia under 
Section 4915 of the Revised Statutes, Civil Action No. 
3977-48, praying for an order finding that plaintiff is 
entitled to receive a patent for the Woodman and Royer 
inventions as set forth in claims 22, 26, 27 and 28 speci¬ 
fied in paragraph 6 of the complaint. 

The District Court in its opinion filed November 21, 
1950 (App. 67) denied plaintiff’s claim and on December 
13, 1950 filed its Findings of Fact, Conclusions of Law 
and final Judgment (App 70-73) dismissing the com¬ 
plaint. 

On January 10, 1951 appellant filed its notice of 
appeal in the District Court. The jurisdiction of this 
Court is based on 62 Stat. 929 (U. S. Code, Title 28, Sec¬ 
tion 1291). 


StateTnent of the Case. 
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IL 

STATEMENT OF THE CASE. | 

(1) Introduction. 

The Woodman and Royer patent application relates 
generally to the manufacture of the metal manganese 
by electrolytic processes. Manganese is a strategic and 
important metal in this nation’s economy since every 
pound of steel embodies some manganese. (App. 45) 
The production of manganese by electrolytic processes 
makes possible the use of low grade ores available in 
this country. (App. 139) 

Applicants’- invention relates to the purification of 
a manganese salt solution such as a manganese sulphate 
solution prior to the use of the solution in the electro¬ 
deposition of manganese. After the manganese sulphate 
solution has been purified, it is placed in a tank or cell 
and an electric current is passed from one electrode, 
called an anode, to another electrode, called a cathode, to 
electrodeposit manganese on the cathode. The cathode 
is then removed from the cell and the manganese is 
stripped from it (App. 13, 14). 

(2) The Woodman and Royer Invention. 

The complete process for purifying a manganese 
salt solution as described in the Woodman et aL patent 
application is shown in Plaintiff’s Exhibit 2 (App. 109) 
and is described in detail in the testimony of Wood¬ 
man (App. 11 to 13). The principal features of the 
Woodman et al. process are shown more succinctly in 
Plaintiff’s Exhibit 17, right-hand column (App. 153). 
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Referring to Plaintiff’s Exhibit 2 (App. 109), Wood¬ 
man in his testimony described the Woodman and 
Royer process as follows: 

The manganese ore as mined is not suitable for 
leaching with sulphuric acid to form the manganese 
salt solution (App. 11). Accordingly, the manganese 
ore is subjected to a reducing roast or, in other words, 
it is thrown into a hot furnace and oxygen is taken 
away from it as indicated by step 1 of Exhibit 2. The 
reduced ore is then leached with sulphuric acid as shown 
in step 2 and ammonia is added for the purpose of aiding 
electro-deposition of manganese in a later step. The 
sulphuric acid leaches from the ore the manganese, 
thereby forming a manganese sulphate solution. The 
sulphuric acid also leaches from the ore impurities such 
as iron, arsenic, copper and nickel, so that the leach 
solution formed in step 2 contains manganese sulphate, 
ammonium sulphate and the impurities such as the sul¬ 
phates of iron, arsenic, copper, nickel, etc. 

After leaching, the ore is filtered from the solution 
in step 3 and the ore residue (4) is discarded as being 
worthless. 

The solution from the filter in step 3 goes to what 
is called the iron purification, which is step 5. Here 
iron is added to the solution, providing not enough iron 
has been leached from the ore to carry down with it all 
of the arsenic, which has been leached from the ore. 
The solution is oxidized with air and this precipitates 
the iron which carries down with it the arsenic, pro¬ 
vided a sufficient amount of iron is present. Additional 
iron is added if this amount is found to be insufficient. 
This step does not precipitate the copper or nickel he - 
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cause the copper and nickel are present in the solution 
as sulphates (App. 12).* 

The iron precipitate is filtered from the solution in 
step 6 and in step 7 the iron-arsenic impurities are dis¬ 
carded because they are worthless. 


The solution from the filter 6 is passed to the hy¬ 
drogen sulphide purification 8. Here the solution is 
treated with hydrogen sulphide to convert the sulphates 
of copper and nickel to sulphides of copper and nickel, 
some of which precipitate and are filtered off. However, 
copper and nickel sulphides are somewhat soluble in the 
solution so that the precipitation of copper and nickel 
sulphides is not complete and small amounts of copper 
and nickel sulphides remain dissolved in the solution. 
This solution is not suitable for the electrodepositing 
of manganese on a commercial scale (App. 13). This 
is so because of minute amounts of impurities remain¬ 
ing in the solution, impurities so minute that an 
analytical laboratory cannot detect them. 

After the sulphide purification, the solution is 
again filtered in step 9 and the copper-nickel impurities, 
step 10, are discarded because they are worthless. 

The solution then goes to the final purification 
which is step 11. Here, iron as ferrous sulphate, along 
with air, is added to the solution containing copper afid 
nickel sulphides. Some of the ferrous sulphate will 
react with the copper sulphide and with the nickel sul¬ 
phide to form iron-copper sulphide and iron-nickel sul¬ 
phide. Such compounds are less soluble than the cop¬ 
per sulphide and nickel sulphide and therefore precipi- 


* Throughout this brief, italics are ours unless the contrary is 
indicated. 
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tate. Any excess iron added here will be precipitated 
as an iron hydroxide. 

The precipitate is then filtered off in step 12 and 
the solution 14 is fed to the manganese electrolytic 
cell 15. 

The three principal steps of the Woodman et al. 
process are shown in Plaintiff’s Exhibit 17 (right-hand 
column) (App. 153) and are as follows: 

Step 1. Iron (as ferrous sulphate) is added 
to the manganese sulphate solution and the solution 
is oxidized with air. This precipitates the iron and 
arsenic which are filtered from the solution but 
does not remove the copper, nickel or cobalt im¬ 
purities. 

Step 2. The solution is treated with hydrogen 
sulphide which removes some of the nickel, cobalt 
and copper impurities but some of these impurities 
remain in solution. 

Step 8. Ferrous sulphate is added to the so¬ 
lution from the sulphide treatment. This results 
in further purification by removing soluble metal 
sulphides such as copper, cobalt and nickel sulphides 
from the solution. 

From the above it is seen that in applicants' process 
one of the essential steps is the addition of iron (usually 
as ferrous sulphate) to a solution which has been treated 
previously with a soluble sulphide such as hydrogen 
sulphide. 

The two principal references relied on by the Patent 
Office are Hannay et al. patent 2,259,418 and Bureau of 
Mines Bulletin R. I. 3406. 
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(3) Hannay et al. Patent No. 2,259,418. 

A copy of this patent was introduced in evidence in 
the District Court as Plaintiffs Exhibit 10 (App. 141- 
146). The Hannay process was described in detail by 
the witness Woodman (App. 33 to 38) in connection wi|th 
Plaintiffs Exhibit 11 (App. 147). 


The Hannay et al. patent (page 2, col. 1, lines 6-16) 
states: 

“The solution obtained from the leaching step 
is filtered at 4 and the filtrate is purified to remove 
impurities such as nickel, cobalt, zinc, lead, iron, 
arsenic and antimony. While we do not wish to 
limit the scope of our present invention to any par¬ 
ticular purification step, we have found that the use 
of hydrogen sulphide for the precipitation of metal¬ 
lic impurities present in solutions containing man¬ 
ganese is particularly suitable in this step of 
the process, after removal of iron by standard 
methods” 

The witness Woodman in describing the process of 
the Hannay et al. patent stated (App. 34) that in the 
leaching step 3 (Plaintiffs Exhibit 11) the manganese 
ore is leached with sulphuric acid and that the sijl- 
phuric acid leaches out the manganese and impurities 
such as cobalt, nickel, arsenic and iron. After the leach¬ 
ing step, Hannay filters in step 5 (Plaintiff’s Exhibit 13[) 
and then according to the portion of the Hannay et al. 
patent above quoted he says to remove iron by standard 
methods and thereafter to treat the solution with hydro¬ 
gen sulphide. Woodman testified that the removal of 
iron “by standard methods” means either oxidation witii 
air or with manganese dioxide (App. 34). 
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Thus the essential disclosure of the Hannay et aL 
patent is: 

Step 1. Remove iron by oxidation with air or man¬ 
ganese dioxide. 

Step 2. Thereafter, treat this solution with hydro¬ 
gen sulphide. 


(4) Bureau of Mines Bulletin R. I. 3406. 

The process as described in Bureau of Mines Bul¬ 
letin R.I. 3406 (Plaintiffs Exhibit 4; App. Ill) was de¬ 
scribed in detail by the witness Woodman (App. 38 to 
40) with the aid of Plaintiff’s Exhibit 13 (App. 149). 
The essential steps of the Bureau of Mines process also 
are shown on Plaintiff’s Exhibit 17, middle column, 
(App. 153). This process as described by Mr. Woodman 
in referring to Plaintiff’s Exhibit 13 is as follows. 

The manganese ore which has been calcined, i.e., 
subjected to a reducing roast, is taken from calcine 
storage 1 and fed to leaching tanks 2, where it is leached 
with sulphuric acid in order to leach out the manganese 
from the ore. In doing this, other impurities are leached 
out such as iron, arsenic, copper and nickel and since the 
acid used is sulphuric acid, the impurities present are 
sulphates of iron, arsenic, copper, nickel, etc. 

The solution containing the impurities is filtered on 
filter 3 and the ore residue 4 is discarded as worthless. 

In step 5 iron is added to the solution. This is done 
because according to the Bureau of Mines process a 
amount of iron is added to the solution when the amount 
of iron present in the solution is not sufficient to carry 
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down the arsenic which has been leached from the ore. 
(App. 39) The iron, arsenic, copper, nickel, are all pres¬ 
ent in the solution as sulphates . When the iron is pre¬ 
cipitated it carries down with it the arsenic. This step, 
however, does not precipitate the copper or nickel be¬ 
cause they are present in the solution as sulphates and 
as such the iron has no effect on them (App. 39). 

The iron and arsenic are filtered from the solution 
in step 6 and are discarded in step 7 because the precipi¬ 
tate is worthless. 

The solution in step 8 is treated with xanthate, 
xanthate being a soluble sulphide, in order to convert 
the sulphates of nickel, copper, etc. into the sulphide 
form. In this form they precipitate and are removed 
from solution in filter No. 9. However, some of those 
sulphides still remain in solution and are carried through 
the filter. (App. 40) 

The solution from filter No. 9 goes to the purified 
storage No. 11, where sulphur dioxide is added to the 
solution and the solution is then fed to the manganese 
electrolytic cell No. 12. 

The essential steps of Bureau of Mines Bulletin EX 
3406 are therefore— 

Step 1. Addition of iron and oxidation with man¬ 
ganese dioxide to cause precipitation of iron and arsenic. 

Step 2. Addition of xanthate (a soluble sulphide) 
to precipitate some of the cobalt and nickel. 

The Patent Office also relied on the following Pres¬ 
cott & Johnson reference. 
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(5) Prescott & Johnson “Qualitative Chemical Analy¬ 
sis”, 5th Edition, Page 114 and 115. 

This article (Plaintiffs Exhibit 16; App. 151, 152) 
relates to the precipitation or formation of arsenic sul¬ 
phide when solutions containing arsenic are treated with 
hydrogen sulphide (App. 43). It is a text book reference 
giving directions for analyzing solutions in general but 
there is nothing in the article with regard to the purifica¬ 
tion of manganese solutions (App. 43). The article 
states, page 114, that hydrogen sulphide will not com¬ 
pletely precipitate arsenic from its hydrochloric acid 
solution if (1) the solution is not completely saturated 
with hydrogen sulphide; (2) too much hydrochloric acid 
is present; (3) the solution contains much pentad ar¬ 
senic. (Finding of Fact No. 6; App. 71). 
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STATEMENT OF POINTS. 

1. The Patent Office and the District Court erred 
in failing to take into consideration the fact that ap¬ 
plicants’ process involves a combination of steps in a 
certain sequence, which sequence of steps is critical 
and essential for obtaining the desired results. 

2. The Patent Office and the District Court erred 
in holding that applicants’ process is obvious in view 
of the references cited by the Patent Office when there 
is no suggestion in the references that they should be 
combined or how to combine them. 


3. The Patent Office and the District Court erred 
in holding that applicants’ process was obvious when 
in fact the need for the invention had existed for many 
years and prior attempts by those skilled in the art to 
solve the problem had resulted in failure. 

4. The Patent Office and the District Court erred 
in failing to give due weight to the commercial success 
of applicants’ invention. 

5. The Patent Office Tribunals and the District 
Court erred on material factual matters. 


6. The Patent Office and the District Court erred 
in holding that there is a departure between the theories 
expressed in the Woodman and Royer application and 


those expressed by Woodman at the trial. 

7. The Patent Office and the District Court erred 
in failing to hold that it is immaterial whether any 
theory is expressed in a patent application and in fail¬ 
ing to hold that an inventor need not understand th|e 
scientific principles underlying his invention. 
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IV. 

SUMMARY OF ARGUMENT. 

1. Applicants' process involves a combination of 
steps in certain sequence, which sequence of steps is 
critical and essential for obtaining the desired results. 
Applicants’ first principal step is the treatment of the 
manganese solution with iron (ferrous sulphate for ex¬ 
ample) and oxidation of the solution to precipitate iron 
and arsenic. (App. 12) Applicants’ second principal 
step is the treatment of the solution with hydrogen 
sulphide or other soluble sulphide to convert the im¬ 
purities such as copper and nickel sulphates into copper 
and nickel sulphides. (App. 12) Applicants’ third 
principal step is to treat with ferrous sulphate, the 
solution in which the impurities are present as sulphides. 
(App. 13) In order to remove copper and nickel im¬ 
purities it is essential that the ferrous sulphate treat¬ 
ment follow a treatment which converts these impurities 
from the sulphate form to the sulphide form. (App. 
14, 15) 

2. The Hannay et al. patent No. 2,259,418 discloses 
merely the removal of iron by oxidation followed by 
treatment with hydrogen sulphide. It does not disclose 
the step of treating a manganese solution with a metal¬ 
lic salt such as ferrous sulphate after treatment of the 
solution with hydrogen sulphide (App. 36). 

3 and 4. The Bureau of Mines Bulletin R.L 3406 
describes only the addition of ferrous sulphate to a 
manganese solution as the first step of a purification 
process and only for the purpose of removing iron and 
arsenic. (App. 39) It does not disclose addition of 
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ferrous sulphate to a manganese salt solution which has 
been previously treated with hydrogen sulphide to con¬ 
vert the impurities into the sulphide form and it do^s 
not accomplish the same result as is accomplished by 
applicants’ invention. (App. 40, 41) 

5. (a) The fact that Woodman and others 

skilled in the art failed in their prior attempts to solve 
the problem shows that applicants’ combination and se¬ 
quence of steps was not obvious to one skilled in the 
art. While Woodman was in the Research Department 
of the Anaconda Copper Mining Company during the 
period 1935-40 (App. 17-20), he and others skilled in 
the art worked for fifteen months on the problem Of 
purifying solutions to be used in the electrolytic deposi¬ 
tion of manganese but after fifteen months of research, 
the Anaconda Company dropped the investigation for 
the reason that it was not considered commercially 
feasible (App. 18). During this investigation at Ana¬ 
conda it did not occur to Woodman or to any of the 
other experts that the problem could be solved by treat¬ 
ing the manganese solution with ferrous sulphate aft^r 
a previous hydrogen sulphide treatment which converis 
the impurities from the sulphate form to the sulphide 
form. 


After Woodman went with the Bureau of Mines in 
December, 1940 he and Royer worked on the problem 
unsuccessfully for a further period of four or five 
months before they made the invention. (App. 23p 
Prior to the adoption of the Woodman and Royer inven¬ 
tion, the result obtained was a commercial failure. The 
invention made the difference between success and fail¬ 
ure and it was not until after the adoption of the in -> 
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vent ion that results which were consistent a/nd satis¬ 
factory were obtained. (App. 23, 65) 

(b) The adoption by the Bureau of Mines of 
the Woodman and Royer invention gave results which 
were greatly superior to those obtained previously (App. 
23). It gave consistent results and much higher cur¬ 
rent efficiency (App. 26-27). 

(c) The commercial success of the Woodman 
and Royer invention is shown by Plaintiff’s Exhibit 6 
(App. 127), Exhibit 7 (App. 137), Exhibit 8 (App. 139), 
and in the testimony of Woodman (App. 29-32). By 
February, 1944 more than one-half million pounds of 
electrolytic manganese had been produced according to 
the Woodman and Royer invention, by October, 1944 
more than one million pounds of electrolytic manganese 
had been produced and by October, 1946 the production 
of electrolytic manganese had exceeded one and one-half 
million pounds. 

6. The Commissioner’s contention that the Wood¬ 
man and Royer invention is obvious is based on 
assumptions not supported by the record. One such 
assumption is that after their hydrogen sulphide treat¬ 
ment, the inventors believed that it was the presence of 
the impurity arsenic which prevented successful elec¬ 
trodeposition and that their purpose in adding ferrous 
sulphate after a hydrogen sulphide treatment was to re¬ 
move arsenic. This assumption is wrong. Woodman 
testified (App. 52) that the inventors had no reason to 
believe that it was arsenic which was giving the trouble. 
He stated that arsenic was the farthest thin g from their 
minds. 


7. The Patent Office Tribunals and the District 
Court erred on material factual matters. The Patent 
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7. The Patent Office Tribunals and the District 
Court erred on material factual matters. The Patent 
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Office Board of Appeals in its decision (App. 100) held 
that if the manganese solution to be purified initially 
contained insufficient iron to effect proper precipitation 
of impurities more iron could be added without inven¬ 
tion. Factually this is incorrect. The evidence shokvs 
that if more iron were added initially it would have no 
effect on the removal of copper, nickel, cobalt and Ihe 
like impurities (App. 15, 43 and 48). 

8. (a) The opinion of the District Court (App. 

68) holds that there is departure between the theories 
expressed in the Woodman and Royer application and 
those expressed by Woodman at the trial. There Ac¬ 
tually is no departure. The specification when taken as 
a whole, shows that the inventors did not know the 
theory or scientific principles which made the process 
a success but that they did know and did disclose the 
actual steps which should be employed. They knew 
furthermore that they could take a solution made by the 
Bureau of Mines procedure but which would not electro¬ 
deposit manganese, treat that solution according to 
their invention, and it would deposit manganese very 
satisfactorily. 

Even if there were a departure between the theories 
given in the application and those expressed by Wood¬ 
man at the trial, it would be immaterial because an in¬ 
ventor is not required to explain the theories or scien¬ 
tific principles on which his invention is based and in 
fact he need not even disclose the theories or scientific 
principles. It is only necessary that he disclose an 
operative process which one skilled in the art can follow 
and accomplish the desired results. 
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V. 


ARGUMENT. 

(1) The Sequence of Steps in the Woodman and Royer 

Process Is Critical. 

Applicants’ process involved a combination of a 
series of steps in a certain sequence , which sequence of 
steps is critical and essential for obtaining the desired 
results. Applicants’ first step is the treatment of the 
manganese solution with iron (ferrous sulphate for ex¬ 
ample) and oxidation of the solution, thereby causing 
the precipitation of iron which carries down with it the 
arsenic. This step does not precipitate the copper or 
nickel because the copper and nickel are present in the 
solution at this stage of the process as sulphates (App. 
12 ). 

Applicants’ second step is the treatment of the solu¬ 
tion with hydrogen sulphide or other soluble sulphide. 
This precipitates some of the copper and nickel sulphides 
but this precipitation is not complete because some of 
the copper and nickel sulphides remain dissolved in the 
solution. This solution is not suitable for the electro- 
depositing of manganese on a commercial scale (App. 
13). 

According to applicants’ third step, the solution is 
treated with ferrous sulphate along with air. Some of 
the ferrous sulphate reacts with the copper sulphide in 
solution and with the nickel sulphide in solution to form 
iron-copper sulphide and iron-nickel sulphide and since 
such compounds are less soluble than copper sulphide 
and nickel sulphide, they precipitate and are removed 
from the solution. 
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It is abundantly clear from the testimony of Wood¬ 
man that the sequence of using these steps is critical 
and that you will not get satisfactory results unless 
they are used in the order specified. Woodman was 
asked (App. 14) to tell why it is that the addition of 
ferrous sulphate in step 5 as set forth on Plaintiff’s (Ex¬ 
hibit 2 does not precipitate out or eliminate the copper 
or nickel so that these impurities can be removed, where¬ 
as at a later time in the process, namely, after the hydro¬ 
gen sulphide treatment, the addition of the ferrous sul¬ 
phate in step 11 does serve to precipitate out the nickel, 
cobalt and copper impurities that are in the solution. 
His answer was: 

“The iron in Step (5) comes from the ore, or 
can be added. In any event, it is added to a solu¬ 
tion where all of the metals are present as sulphates 
and iron addition is at this stage of absolutely no 
effect on removing nickel, cobalt from the solution, 
whereas in Step (11) after the sulphide purification, 
those metals are present there as the sulphides and 
when they are present as the sulphides, the addition 
of iron will remove those sulphides from solution.” 
(App. 14,15) 

He also was asked the following question (App. 15): 

“Then, as I understand it, when these impuri¬ 
ties are in the sulphate form as they are up in Sitep 
(5), the treatment with ferrous sulphate will not 
remove them and it is not until after you convert 
the sulphates to sulphides that a ferrous sulphate 
treatment will remove those impurities, is that it?” 

and replied: 

“That is correct.” 

Mr. Woodman further testified (App. 48) “(The 
sequence of those steps is the critical part of the inden¬ 
tion” in referring to the second and third steps of the 
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Woodman et al. process as shown on Plaintiff’s Exhibit 
17 (right hand column; App. 153). 

He was asked the question (App. 48): 

“Now, in your testimony, you have emphasized 
the fact that your ferrous sulphate treatment fol¬ 
lows after a hydrogen sulphide treatment of the 
solution. Is that a matter of importance that that 
step follow after the hydrogen sulphide treatment?” 
He answered: 

“Yes, that is the important step, it is the critical 
step in the process.” 


(2) The Hannay et al. Patent No. 2,259,418 Does Not 
Disclose the Invention. 

The Hannay et al. patent discloses merely the re¬ 
moval of iron by oxidation followed by treatment with 
hydrogen sulphide. As stated on page 1 of “Defendant’s 
Reply to Brief for Plaintiff,” filed in the District Court, 
October 25, 1950 (not printed) : 

“The Hannay et al patent was cited merely to 
establish the conventionality of the preliminary 
treatment, including the use of a sulphide, and its 
effectiveness as a reference in this connection has 
not been questioned.” 

The process of the Hannay et al. patent has not gone 
into commercial use (App. 35) and it does not disclose 
the step of treating a manganese solution with a metallic 
salt, such as ferrous sulphate, after treatment of the 
solution with hydrogen sulphide (App. 36). 
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(3) The Bureau of Mines Bulletin R. L 3406 Does Not 
Disclose the Invention. 

This bulletin does not disclose the essential step of 
applicant’s process which is the addition of ferrous sul¬ 
phate or other similar salt to a manganese salt solution 
which has been previously treated with a soluble sul¬ 
phide such as hydrogen sulphide to convert the impuri¬ 
ties into the sulphides. It describes only the addition of 
ferrous sulphate to a manganese solution as the first step 
of a purification process and only for the purpose of 
removing iron and arsenic. The addition of ferrous sul¬ 
phate at this stage, although effective for the removal 
of iron and arsenic, has no effect on the removal of cop¬ 
per, cobalt or nickel. (App. 39) 

(4) The Addition of Ferrous Sulphate to a Solution in 
which the Impurities are Present as Sulphides is 
not Disclosed by the Prior Art. 

The only reference relied on by the Patent Office 
which discloses the addition of ferrous sulphate to a 
manganese solution is the Bureau of Mines Bulletin R. L 
3406. In the process there described the ferrous sul¬ 
phate is added to a leach solution made by leaching the 
calcined ore with sulphuric acid. Accordingly, as testi¬ 
fied by Woodman (App. 39), the impurities cobalt, cop¬ 
per and nickel are in the solution in the form of sul¬ 
phates and the addition of ferrous sulphate has no effect 
in precipitating them. 

The Solicitor of the Patent Office argues that ac¬ 
cording to the Bureau of Mines Bulletin R.I. 3406 there 
is a general statement on page 7 with respect to arsenic 
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which teaches that the ferrous sulphate can be added to 
the solution at any time and that the ferrous sulphate 
addition does not necessarily precede the xanthate treat¬ 
ment. Woodman on direct examination (App. 48-50) 
testified that the sequence of steps disclosed in this Bul¬ 
letin is to first treat the solution with ferrous sulphate 
and then with xanthate. He testified that this sequence is 
shown in the flow sheet Figure 2 (App. 114) and de¬ 
scribed on pages 8 and 9 of the Bulletin under the head¬ 
ing “A Purification Batch.” (App. 116 and 117). He 
said (App. 49) “They make no suggestion about alter¬ 
ing that sequence of operation.” See also Woodman’s 
testimony on cross examination to the same effect (App. 
61). He pointed out (App. 41) that the essential dif¬ 
ference between the process of R.I. 3406 and the Wood¬ 
man and Royer process is that Woodman and Royer add 
iron after the sulphide treatment, whereas the Bureau 
of Mines process adds iron before the sulphide (xan¬ 
thate) treatment. 

(5) Applicants’ Combination and Sequence of Steps is 

not Obvious to One Skilled in the Art. 

Applicants’ sequence of steps is: 

(1) Treating the solution with ferrous sulphate 
and oxidizing to remove iron and arsenic. 

(2) Treating the solution with a soluble sulphide. 

(3) Treating the solution with ferrous sulphate to 
remove cobalt, copper and nickel which have been pre¬ 
viously converted from the sulphates to the sulphides. 

The unobviousness of applicants’ process to one 
skilled in the art is shown by the following facts, all of 
which stand uncontroverted. 
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(a) The failure of those skilled in the art to solve the 

problem. 

Woodman testified (App. 17,18) that while he was 
in the research department of Anaconda Copper Mining 
Company in 1935-40 (App. 35) he worked for 15 months 
on the problem of purification of solutions to be used in 
the electrolytic deposition of manganese. When he was 
assigned the job of investigating the electrolytic man¬ 
ganese problem, the Anaconda Company sent him to 
Rolla, Missouri, at the Bureau of Mines Station, where 
he studied for approximately 2 weeks under Mr. S. M. 
Shelton, studying ore reduction, leaching, purification 
and deposition of manganese before he went back with 
the Anaconda Company to pursue the work there. The 
Mr. Shelton with whom he studied at the Bureau of 
Mines is the same Mr. Shelton who is one of the authors 
of the Bureau of Mines Bulletin R. I. SJf06. 

Mr. Woodman then set up a research laboratory 
electrolytic manganese plant and worked on such process 
for about 15 months before the company came to the 
conclusion that the process was not a commercial opera¬ 
tion. Thereupon the Anaconda Copper Mining Company 
dropped the investigation (App. 18). The process that 
Woodman and his associates used at Anaconda Copper 
Mining Company was the same process as described to 
him by Mr. Shelton in Rolla, Missouri, and was the saine 
as that described in the Bureau of Mines Bulletin R: I. 
8^06 (App. 18). The process used by Woodman and 
others at Anaconda consisted of, first, oxidizing the iron; 
this removed the iron and carried down with it the 
arsenic that was leached from the ore. This solution 
was then filtered from the iron residue and was treated 
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with xanthates according to the recommended Bureau 
of Mines procedure in R. I. 3406. 

Others skilled in the art were working with Wood¬ 
man at Anaconda. Mr. Woodman reported daily to Mr. 
Frick, the research director of the Anaconda Company 
(App. 19), but it did not occur to either Woodman or 
Frick to use the combination and sequence of steps 
claimed in the Woodman and Royer application. Mr. 
Frick was an expert in the field of electro-deposition. 
He was one of the originators of the electrolytic zinc 
process for the Anaconda Copper Mining Company de¬ 
veloped around the years 1916-1918 and he also put up 
plants in South America and in Poland for the company 
(App. 20). Woodman told Mr. Frick of the difficulties 
which he was encountering but Frick did not make any 
worth while suggestions which would enable him to suc¬ 
cessfully solve the problem and the process was aban¬ 
doned by Anaconda Copper Mining Company after a 
period of investigation which lasted about 15 months. 
The fact that Mr. Frick was an expert in the electrolytic 
zinc process which had been developed by Anaconda Cop¬ 
per Mining Company is important because methods for 
purification developed in the electrolytic zinc industry 
are applicable, with certain modifications, to the purifica¬ 
tion of manganese sulphate solutions. This is so stated 
in lines 2-5, page 7, of Bureau of Mines Bulletin R. I. 
3406 (App. 115). Accordingly, Mr. Frick’s long experi¬ 
ence with the electrodeposition of zinc should have led 
him to solve the problem of purifying manganese solu¬ 
tions which were to be used in the electrodeposition of 
manganese if, in fact, the Woodman and Royer process 
was an obvious one. 
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The skilled workers at the Bureau of Mines had been 
working on the problem of a commercially satisfactory 
method of electrodepositing manganese, involving the 
purification of manganese solutions, since about 1936 
(App. 8). Woodman went with the Bureau of Mines in 
December 1940. At that time the Bureau of Mines had 
abandoned the xanthates purification as described in 
their Bulletin R. I. 3406 and had substituted for that ;he 
use of hydrogen sulphide. Otherwise the procedure Was 
the same as that described in R. I. 3406 (App. 21). At 
the Bureau of Mines Mr. Woodman worked under Dr. 
Koster, who was supervising engineer at the Boulder 
City, Nevada station, Dr. Koster being one of the orig¬ 
inators in the Bureau of Mines of the electrolytic manga¬ 
nese investigation. Miles W. Royer also worked for ]Dr. 
Koster (App. 22). Dr. Dean was the chief engineer of 
the Western Metallurgical Division and was the superior 
of Dr. Koster. All of these men, Dr. Dean, Dr. Koster, 
Mr. Royer, were familiar with the work that was being 
carried on by the Bureau of Mines at Boulder City (App. 
22). In addition, Mr. Crowell, Mr. Parkman, Mr. Hunter 
and Mr. Jacobs, all skilled techincal men, were associated 
with Woodman and Royer in the work that they were 
doing at Boulder City in 1940 and 1941. All of these 
men were familiar with the work as it progressed l|>ut 
none of them made any suggestion to Mr. Woodmanj in 
regard to the use of a metallic salt such as ferrous sul¬ 
phate for the purification of a manganese solution sub¬ 
sequent to a treatment with a xanthate or with hydjro- 
gen sulphide (App. 22). 


In addition to the 15 months which Woodman ajnd 
others spent in investigating the process while he \fas 
at Anaconda Copper Mining Company during 1935-40, 
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Woodman and Royer worked on the problem at the 
Bureau of Mines for a period of 4 to 5 months during 
1940 and 1941 before they made the invention covered 
by the application here involved (App. 23). 

The existence of a problem and the failure to solve 
it in spite of the need for its solution has always been 
considered strong evidence of patentability. The case of 
KeTLey et cd. v. Coe, (C.A. D.C. 1938) 99 F.2d, 435 is par¬ 
ticularly pertinent to the present situation. In that deci¬ 
sion it was stated page 442: 

“The Commissioner's argument in the present 
case comes down to the same result. He contends 
that anyone skilled in the art could have taken this 
and that from the various patents and, putting them 
together, could have devised the Kelley method. But 
the fact remains that, in the face of a crying need 
for a new process or method in the industry, not 
one of the best engineers in the world, with their 
attention especially directed to the subject for ap¬ 
proximately thirty years, was able to see what 
Kelley saw, or to produce the result which he pro¬ 
duced. The evidence in support of appellants’ ap¬ 
plication establishes beyond doubt their right to the 
issuance of a patent.” 

In the present case the Commisioner contends that 
anyone skilled in the art could have taken the Hannay 
et al. patent No. 2,259,418, the Bureau of Mines Bul¬ 
letin R.L 3406 and the Prescott and Johnson reference 
and by putting them together could have devised the 
Woodman and Royer invention. But the fact remains 
that the skilled workers at the Bureau of Mines had been 
working on the problem since about 1936 and it was not 
until 1941 that Woodman and Royer solved it. 
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In the Kelley case the decision states page 441: 

“Kelley himself first worked on the theory of 
the prior art and failed. It was only when he used 
the particular combination described in his claims 
that he succeeded.” 

So also here, Woodman while at Anaconda Copper Aim¬ 
ing Company in the years 1935-40 used the exact process 
described in Bureau of Mines Bulletin R.I. 3406 and )yet 
his company abandoned the process as not being com¬ 
mercially satisfactory after Woodman and others had 
spent fifteen months in investigating the process. It 
was not until after Woodman and Royer used the last 
step of their process, i.e., the addition of ferrous sulphate 
to a solution which had previously been treated by hy¬ 
drogen sulphide that they succeeded. The fact that this 
last step may seem simple now that the method has been 
disclosed does not disprove invention. In the Kelley case 
the decision states page 440: 

“The fact that Kelley’s method may seem sim¬ 
ple in its operation does not disprove invention. 
The difference between it and the prior art may 
not be great in a physical sense, but slight as it 
may seem to be it was sufficient to achieve success 
where success had never before been achieved. It 
was not merely one step in a developmental process, 
but was the one step from failure to success. As 
was said in The Barbed Wire Patent, 143 U.S. 2[75, 
282-283: 

‘Under such circumstances courts have not 
been reluctant to sustain a patent to the man 
who has taken the final step which has turned 
a failure into a success. In the law of patents 
it is the last step that wins. * * * There are 
many instances in the reported decisions of 
this court where a monopoly has been sustained 
in favor of the last of a series of inventors, all 
of whom were groping to attain a certain re¬ 
sult, which only the last one of the number 
seemed able to grasp.’ 
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Diamond Rubber Company of New York v. Consoli¬ 
dated Rubber Tire Company, (U. S. Supreme Ct., 1911), 
220 U.S. 428, 434-435: 

“Many things, and the patent law abounds in illus¬ 
trations, seem obvious sifter they have been done, 
and, ‘in the light of the accomplished result/ it is 
often a matter of wonder how they so long ‘eluded 
the search of the discoverer and set at defiance the 
speculations of inventive genius/ Pearl v. Ocean 
Mills, 11 Off. Gaz. 2. Knowledge after the event is 
always easy, and problems once solved present no 
difficulties, indeed, may be represented as never 
having had any, and expert witnesses may be 
brought forward to show that the new thing which 
seemed to have eluded the search of the world was 
always ready at hand and easy to be seen by a 
merely skillful attention. But the law has other 
tests of the invention than subtle conjectures of 
what might have been seen and yet was not. It 
regards a change as evidence of novelty, the ac¬ 
ceptance and utility of change as a further evi¬ 
dence, even as demonstration.” 

In Wach v. Coe, 77 F. 2d 113, 64 App. D.C. 235 it was 
held, page 115: 

“Where, as here, the new device is also useful 
and marks a distinct and novel advance in the art, 
it should receive patent protection. For almost 25 
years, as we have seen, patents have been granted 
in this art on devices that proved to be practically 
worthless, and yet appellant has been refused a 
patent on his successful device because the Patent 
Office has found that, by taking this and that from 
the unsuccessful patents, the result achieved by 
appellant could have been accomplished.” 

Even if each of the steps of applicants’ process was 
old in the art (which is not the case here) it would not 
preclude invention. In Universal Products Co., Inc. et 
al. v. Coe, Commissioner of Patents, (D.C. D.C. 1940) 
34 F. Supp. 372, the opinion states, p. 373: 
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“There is no novelty in these elements. P^ior 
to the disclosure of the claims here being con$id- 
ered, however, there was no combination of these 
four elements, and I am convinced that, until they 
were brought into combination, the elements cohid 
not produce the results which, in the association 
into which Warner brought them, they did pro¬ 
duce.” 

In the present case the successful results are not 
accomplished until the various steps are brought to¬ 
gether in the sequence taught by the applicants, 'ihe 
treatment of the solution with ferrous sulphate must 
follow a prior treatment of the solution with a soluble 
sulphide such as hydrogen sulphide. 

Where a demand has long existed and men skilled 
in the art have sought to meet that demand without 
success, the argument that the methods employed by 
the inventor who has solved the problem are so obvious 
as to involve only mechanical skill, is not entitled to 
very serious consideration. 

Inland Mfg. Co. v. American Wood Rim Co., (C.C.A. 
6,1926), 14 F. 2d 657, 659: 

“It is no argument against invention that the 
inventor availed himself of all knowledge known to 
mechanics skilled in the art, nor is it surprising 
that, when a definite result has been accomplished, 
the simplicity of the methods by which it is accom¬ 
plished would seem to be obvious. The line between 
the skilled mechanic and the ingenuity of the in¬ 
ventor cannot be accurately drawn in any given 
case, but where a demand has long existed, and 
men skilled in the art have sought to meet that 
demand without success, the argument that the 
methods employed by the inventor who has solved 
the problem are so obvious as to involve only me¬ 
chanical skill, is not entitled to very serious con- 
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sideration. Diamond Co. v. Consolidated Tire Co., 
supra; Consolidated Brake-Shoe Co. et al. v. Detroit 
Steel & Spring Co. et al. (C.C.) 59 F. 902, 908; Star 
Brass Works v. General Electric (C.C.A. 6) 111 F. 
398, 400, 49 C.C.A. 409; American Ball Bearing Co. 
v. Finch (C.C.A. 6) 239 F. 885, 889, 153 C.C.A. 13.” 

Paramount Fublix Corp. v. American Tri-Ergon 
Corp., (U. S. Sup. a., 1935), 294 U.S. 464, 474: 

“Where the method or device satisfies an old and 
recognized want, invention is to be inferred, rather 
than the exercise of mechanical skill. For mere 
skill of the art would normally have been called 
into action by the generally known want. See Loom 
Co. v. Higgins, 105 U.S.. 580, 591; Krementz v. Cottle 
Co., 148 U.S. 556, 560; Hobbs v. Beach, 180 U.S. 383, 
392; Carnegie Steel Co. v. Cambria Iron Co., 185 
U.S. 403, 429, 430; Expanded Metal Co. v. Bradford, 
214 U.S. 366, 381.” 

National Tube Company v. Steel <& Tubes, Inc,, 
(C.C.A. 3, 1937), 90 F. 2d 52, 57: 

“It may be true that an expert, after Belmont had 
made his contribution to the art, might go to the 
art and select one thing from one patent and an¬ 
other thing from another patent and from many 
bring together a combination which would produce 
the result achieved by Belmont. So could it be 
done in almost every other patent except purely 
pioneer patents, but the Belmont patent described 
a new combination of old elements which produced 
a new result and is valid.” 

National Hollow Brake-Beam Co. et ail . v. Inter¬ 
changeable Brake-Beam Co., 106 Fed. 693, 706-707, 
(C.C.A. 8,1901): 

“The second claim of the first patent to Hien 
is for a combination of old mechanical elements in 
a new way. It is not for new elements, but for a 
new method of combining old elements; and a new 
combination of old elements, whereby a new and 
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useful result is produced, or an old result is at¬ 
tained in a more facile, economical, and efficient 
way, may be protected by patent as securely as a 
new machine or composition of matter.” 

The Commissioner's contention is that it would lae 
obvious to combine the teachings of the Hannay et <d. 
patent, the Bureau of Mines Bulletin R.I. 3406 and the 
Prescott and Johnson article. But in order for a com¬ 
bination of references to be proper, it is necessary that 
one of the references show the general combination. 
The general combination claimed by applicants is the 
treatment with a soluble sulphide such as hydrogen sul¬ 
phide followed by a treatment with ferrous sulphate. 
No single reference cited by the Patent Office shows this 
general combination nor is there any suggestions in any 
of the references that they should be combined in the 
manner suggested by the Patent Office tribunals. In 
Ex Parte Gee, 1919 C.D. 49, 50, 51, (1919), it was held: 

“The applicant’s defined structure is new, add 
it seems to me that in order to negative invention 
it is necessary to find in the prior art not merely! a 
device which might be modified to make this con¬ 
struction, but somewhere a suggestion not only that 
the modification ought to be made but how to make 
xt. 


In order to properly combine patents in anticipa¬ 
tion of a combination claim, it is indispensable that all 
of the elements of the claim or their mechanical equiva¬ 
lents be found in one reference where they do substan¬ 
tially the same work by the same means as is done by 
the elements in the combination claim. 


Ottumwa Box Car Loader Co. v. Christy Box 
Loader Co., 215 Fed. 362, 369, (C.C.A. 8,1914): 


Car 
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“It constitutes no anticipation and no defense 
to a claim of infringement that one or more ele¬ 
ments of a patented combination, or one or more 
parts of a patented improvement, may be found in 
one old patent or publication, and others in another, 
and still others in a third. It is indispensable that 
all of them, or their mechanical equivalents, be 
found in the same description or machine, where 
they do substantially the same work by the same 
means” 

In the present case no single reference discloses 
applicants’ combination of steps. In applicants’ process 
the use of ferrous sulphate following the treatment with 
hydrogen sulphide is for the purpose of removing cop¬ 
per, cobalt and nickel impurities. The Bureau of Mines 
Bulletin R.I. 3406 teaches using ferrous sulphate prior 
to xanthate treatment for the purpose of removing 
arsenic which is a different purpose than removing cop¬ 
per, cobalt and nickel. 

In Ex Parte Worden, 77 USPQ 667, 668-669, Patent 
Office Board of Appeals (1947), it was held: 

“It is our view that the examiner has im¬ 
properly combined the Niks and Kolitsch patents, 
since the suggestion for placing the blast pipe of 
Kolitsch at the point claimed by appellant is only 
found in appellant’s disclosure.” 

In the present case there is no suggestion in any of 
the references for using the ferrous sulphate treatment 
of the Bureau of Mines Bulletin R.L 3406 after a hydro¬ 
gen sulphide treatment. 

In Ex Parte Arens, 52 USPQ 551, 552, Patent Office 
Board of Appeals (1942), the opinion states: 

“Moreover, we do not feel that it would be 
proper to combine Gilman with Arens as there is 
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nothing in either patent suggestive of the combina¬ 
tion. In other words, neither patent shows a com¬ 
bination which even broadly responds to that here 
claimed.” 

(b) Improved Results Obtained by the Woodman and 
Royer Process. 

The results obtained according to the Woodman 
and Royer process were greatly superior to those ob¬ 
tained according to the Bureau of Mines process de¬ 
scribed in R. L 3406 or in that process when modified by 
the substitution of hydrogen sulphide for xanthates. 
Woodman testified (App. 23): 

“The result that we had obtained prior to the 
time of the invention, as far as a commercial unit 
is concerned, was an absolute failure. Upon the [ad¬ 
vent of this invention, we found that we could plate 
solutions satisfactorily and continuously, therefore, 
it meant the difference between failure and a good 
operating plant.” 

He further testified (App. 24) that before the 
Woodman and Royer invention they could plate for a 
few hours at a time but they never knew from one puri¬ 
fication batch to another whether the solution would 
plate. After the invention they could plate with cer¬ 
tainty, whereas prior to the making of the invention 
they did not have a degree of certainty which would 
have been satisfactory for any commercial operation. 
Many times they took the solution made according to 
the old process after the hydrogen sulphide precipitation 
step and tried to plate the solution but it would not plate. 
They then gave it the iron treatment of the Woodman 
and Royer process and found that they could plate and 
deposit the manganese from the solution very satisfac¬ 
torily. 
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The witness Parkman testified (App. 65): 

“The electrodeposition of manganese prior to the 
adoption of the Woodman and Royer process, was 
most discouraging. We obtained no consistent re¬ 
sults. We had no assurance that any solution would 
work. We did for a short time, of course, obtain 
deposits, but with no consistency from one batch of 
solution to another. It was not until the adoption of 
the Woodman-Royer process that we obtained re¬ 
sults that were consistent and satisfactory.” 

They found that the adoption of the new process 
gave higher current efficiencies. By “current efficiency” 
is meant the amount of manganese that is actually de¬ 
posited as against the amount of manganese that should 
theoretically be deposited for a given amount of elec¬ 
trical current passed through the solution in the electro¬ 
deposition of manganese (App. 25). 

Before the adoption of the Woodman and Royer in¬ 
vention the current efficiencies were very low. One 
never knew what current efficiencies you were going to 
obtain, in some cases they were nil and sometimes the 
current efficiencies were up to 50%. After the adoption 
of the Woodman and Royer invention the current effi¬ 
ciencies ran from an average of 50 up to as high as 60 
or 65% over a 24 hour period, the current efficiencies 
being on the average about 55 or 56%. Under opt imum 
conditions an average current efficiency of 65% was ob¬ 
tained over a 24 hour period (App. 26, 27). 

The question of current efficiency is a very impor¬ 
tant factor because the number of pounds of electrolytic 
manganese that a plant will produce in a day depends 
upon it. (App. 28) 
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(c) Commercial Success of the Woodman and Royer 

Process. 

The article “First Two Years Operation of the 
Bureau of Mines Electrolytic Manganese Pilot Plaht at 
Boulder City, Nevada” by J. H. Jacobs et al. (Plain¬ 
tiffs Exhibit 6; App. 127) was published in Feb. 1944. 
In referring to this exhibit Woodman testified (App. 30) 
that this publication showed that the Pilot Plant opera¬ 
tions were begun in November 1941 and that at the time 
of the publication (February 1944) more than one-half 
million pounds of manganese had been produced. The 
statement at the top of page 410, first column, of Exhibit 
6 (App. 129) — “It was found that if 0.1 gram of iron per 
liter of solution was added as copperas and the solution 
was oxidized with air and filtered, all of the aforemen¬ 
tioned materials were removed” deals with the Wood¬ 
man and Royer process. The authors of the process de¬ 
scribed in Exhibit 6 in referring to the Woodman and 
Royer process state: “This was an important improve¬ 
ment because it always insured a pure solution for elec¬ 
trolysis.” (App. 30). 

Woodman testified (App. 31) with respect to Plain¬ 
tiffs Exhibit 7 (App. 137), which is a publication en¬ 
titled “The Effect of Certain Variables on the Electro¬ 
deposition of Manganese” by J. H. Jacobs et al. That 
publication, which was published in October 1944, shows 
that more than 1 million pounds of manganese metal 
had been produced. Woodman testified that the word 
“copperas” used in this publication is another name for 
ferrous sulphate (App. 31). 

Woodman also testified (App. 32) with respect to 
Plaintiffs Exhibit 8 (App. 139), which is a publication 


34 


Argument. 


by J. H. Jacobs entitled “The Effect of Cell Variables on 
the Electrowinning of Manganese” published in October 
1946. This publication, page 439, states that the Bureau 
of Mines had been carrying out research and develop¬ 
ment work on a process for the electrowinning of man¬ 
ganese from low grade ores for the past 10 years, show¬ 
ing that such work was begun by the Bureau of Mines 
in 1936. The publication shows (page 440) that more 
than iy 2 million pounds of manganese metal had been 
produced by that time according to the Woodman and 
Royer invention. 

(6) The Commissioner’s Contention that the Woodman 

and Royer Invention is Obvious is Based on As¬ 
sumptions not Supported by the Record. 

The Commissioners argument that applicants’ 
process is obvious is briefly as follows: 

(a) Applicants’ first two steps of oxidizing the 
solution to precipitate iron and then treating with hydro¬ 
gen sulphide is disclosed in Hannay et al. patent No. 
2,259,418. 

(b) Applicants’ purpose in adding ferrous sul¬ 
phate following the hydrogen sulphide treatment was 
to remove arsenic. 

(c) The Prescott and Johnson reference shows 
that treatment of a solution with hydrogen sulphide will 
not precipitate all of the arsenic. 

(d) Therefore, in view of Bureau of Mines Bulle¬ 
tin R.1.3406, it was obvious to add on to the Hannay dis¬ 
closure the step of adding ferrous sulphate after the 
treatment with hydrogen sulphide for the purpose of 
removing arsenic which had not been removed by the 
hydogen sulphide treatment. 
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Referring to (a) above, we admit that the Hannay 
patent discloses the first two steps of the Woodman 
and Royer process as given in Exhibit 17, right-hand 
column, (App. 153). 

Referring to (b) above, since the purpose of the 
Bureau of Mines addition of ferrous sulphate before a 
hydrogen sulphide treatment is to remove arsenic, it 
would not be obvious to add ferrous sulphate after a 
hydrogen sulphide treatment unless the purpose also 
was to remove arsenic. The fact is that where appli¬ 
cants add ferrous sulphate after a hydrogen sulphide 
treatment, the result accomplished is entirely different 
than if the ferrous sulphate were added before the 
hydrogen sulphide treatment. Addition of ferrous sul¬ 
phate prior to the hydrogen sulphide treatment will re¬ 
move arsenic but will not remove copper, nickel or 
cobalt. However, where ferrous sulphate is added fol¬ 
lowing a treatment with hydrogen sulphide so that the 
cobalt, copper and nickel sulphates have been converted 
into the sulphides, the addition of the ferrous sulphate 
will precipitate and remove these sulphides from the 
solution. Woodman testified (App. 14) in referring to 
Plaintiff’s Exhibit 2 (App. 109): 

“The iron in Step (5) comes from the ore, <br 
can be added. In any event, it is added to a solu¬ 
tion where all of the metals are present as sulphates 
and iron addition is at this stage of absolutely no 
effect on removing nickel-cobalt from the solution, 
whereas in Step (11) after the sulphide purification, 
those metals are present there as the sulphides and 
when they are present as the sulphides, the addition 
of iron will remove those sulphides from solution/’ 

In carrying out the Woodman and Royer process, 
after the solution had been treated with hydrogen suil- 
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phide there was no reason to believe that the solution 
would contain arsenic in any amount which would pre¬ 
vent satisfactory electrodeposition of the manganese. 
The Solicitor of the Patent Office in cross-examining Mr. 
Woodman tried to prove that at the time of making the 
Woodman and Royer invention, Mr. Woodman believed 
that the reason that the solution would not plate satis¬ 
factorily after the hydrogen sulphide treatment was be¬ 
cause it contained arsenic. In answer to the question by 
the Solicitor “You had some reason to believe that there 
might be arsenic in there, didn’t you?” (App. 52), Mr. 
Woodman answered: 

“I had no reason, in fact, the fact of the matter 
is all through the years of electrolytic zinc plant 
operations and all, the first step where we add fer¬ 
rous sulphate to remove arsenic has always proven 
very successful. We had no reason to believe it was 
arsenic. In fact } arsenic was the farthest thing from 
our minds/’ 
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Referring to (c) above, the Patent Office Solicitor 
in his brief in this Patent Office entitled “Defendant’s 
Reply to Brief for Plaintiff” (not printed) beginning at 
the bottom of page 4, states: 

“Moreover, it should be noted that the sulphide 
treatment, either following an iron sulphate step or 
used without such a step, would not eliminate all 
arsenic. This is established by the section of the 
Prescott and Johnson Book referred to at the trial 
(transcript, page 18, second full paragraph) and, 
more effectively, by the plaintiff’s exhibits 6, 7, and 
8 which note that one of the purposes of the plain¬ 
tiff’s process is the removal of residual arsenic after 
sulphide treatment.” 

These statements are without any foundation in the 
testimony. The Prescott and Johnson reference states 
nothing in regard to the purification of manganese solu- 
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tions. It relates merely to the precipitation or forma¬ 
tion of arsenic sulphide when solutions containing Ar¬ 
senic are treated with hydrogen sulphide (App. 43). Tjhe 
disclosure of the Prescott and Johnson reference is cor¬ 
rectly stated in Finding of Fact No. 6 of the District 
Court’s Findings of Fact which reads (App. 71): 

“ ‘Quantitative Chemical Analysis’ by Prescott 
and Johnson, on pages 114 and 115, states that the 
hydrogen sulphide will not completely precipitate 
arsenic from its hydrocholric acid solution if (1) 
the solution is not completely saturated with hydro¬ 
gen sulphide; (2) too much hydrochloric acid is 
present; (3) the solution contains much pentad 


arsenic. 

Such Finding of Fact means, in effect, that the Prescott 
and Johnson disclosure is that if you want to precipi¬ 
tate substantially all of the arsenic you must carry cut 
the method in a proper manner. Every process for Ac¬ 
complishing every result must be carried out in a prowler 
manner. It is clear from the evidence that in carryihg 
out the Woodman and Royer process the hydrogen sul¬ 
phide treatment was carried out in a proper manner and 
in such manner as to remove substantially all of the 
arsenic. Mr. Woodman was asked the question (App. 
52): 

“You were familiar with the material stated in 
the Prescott and Johnson book to the effect that 
hydrogen sulphide treatment would not necessarily 
remove all the arsenic?” 

Mr. Woodman answered: 

“According to that article, on certain solutions 
performed in certain ways, not according to the wpy 
that we worked our sulphide purification, it may be 
possible that arsenic might not be precipitated py 
the sulphide treatment. But here is the point, we 
removed arsenic thoroughly before the sulphide 
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treatment, therefore , the article in Prescott and 
Johnson has no significance to our inventions* 

The contention made by the Solicitor that Plaintiffs 
Exhibits 6, 7 and 8 (App. 127, 137 and 139) establish 
that an iron sulphate treatment followed by a hydrogen 
sulphide treatment would not eliminate all the arsenic 
is clearly erroneous. Woodman pointed out (App. 54) 
that in the processes of Exhibits 6, 7 and 8 the step of 
adding ferrous sulphate prior to a hydrogen sulphide 
treatment in order to remove arsenic is eliminated. 
Therefore, these publications do not show that if you 
first add ferrous sulphate to remove iron and arsenic 
and then treat the solution with hydrogen sulphide you 
will not remove all of the arsenic, as contended by the 
Solicitor. 


(7) The Patent Office Tribunals and the District Court 

Erred on Material Factual Matters. 

Entirely apart from the lack of complete knowledge 
on the part of the Patent Office of the historical back¬ 
ground of the invention, which refutes the main ground 
of rejection, the Patent Office erred on other material 
facts. 

(a) The Patent Office Examiner in his statement 
before the Board of Appeals (App. 85) and the Patent 
Office Board of Appeals in its decision (App. 100) held 
that if the manganese solution to be purified initially 
contained insufficient iron to effect proper precipitation 
of impurities, more iron could be added without inven¬ 
tion. Factually this is incorrect. The evidence shows 
that if more iron were added initially, it would have no 
effect on the removal of the copper, nickel, cobalt and 
the like and that in order to eliminate these impurities, 
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the solution must be given the ferrous sulphate treat¬ 
ment after the hydrogen sulphide treatment has con¬ 
verted the impurities to the sulphides (App. 15, 43 and 
48). 

(b) The Board of Appeals in its decision of Sep¬ 
tember 28, 1948, (App. 107) held that the current 
efficiencies obtained according to applicants’ method, as 
given in Table 3 of page 8 of the specification, are gen¬ 
erally of the order of those obtained by Hannay. Tie 
evidence here shows that the current efficiencies ob¬ 
tained by Woodman and Royer are substantially higher 
than those obtained by Hannay (App. 44). 

(c) The Patent Office Board of Appeals in its de¬ 
cision of September 28, 1948 (App. 107) held that the 
current efficiency of 63.06 for test 4 shown in Table 3 of 
the specification was due to the increase in voltage and 
current density and not to the method of purifying the 
solution, and that solutions 3 and 4 were identical. 
Woodman’s testimony shows that these factual holdings 
are incorrect (App. 44 and 45). 

(8) Alleged Departure Between the Theories 
in the Woodman and Boyer Application 
Expressed by Woodman at the Trial. 

The opinion of the District Court states (App. 68): 

“The present position of the plaintiff as to 
the nature of the impurities remaining before that 
last step differs from the claims in the specification. 
In the specification the inventors state: ** * * we 
have been unable to identify even qualitatively the 
impurities removed in the iron purification or treat¬ 
ment step. Spectrographic analysis has failed to 
identify the impurities removed * * *. The ten¬ 
dency of metal sulphides to form colloids is well 
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known and free sulphur may be postulated as pres¬ 
ent in the solutions. It is possible that the function 
of the treatment step which we employ may be the 
removal of such solids, probably in the form of 
microscopic particles.’ ” 

We shall show that: 

(a) There is no departure between the theories 
expressed in the Woodman and Royer application and 
those expressed by Woodman at the trial; and 

(b) If there were such departure as to theory, 
it would be immaterial. 

(a) There is no departure. The District Court in 
its opinion has quoted a portion only of applicants’ 
specification. 

Applicants’ specification on page 4 (App. 75) de¬ 
scribes the process down through the step of adding a 
soluble sulphide such as ammonium sulphide or hydro¬ 
gen sulphide to precipitate impurities such as iron, 
copper, nickel, cobalt, zinc and others. It then points 
out that the precipitated impurities are removed by 
suitable means such as by filtering the solution and that 
the resulting solution is “free of precipitated impuri¬ 
ties.” (App. 76) 

The specification then states: (App. 76, 77) 

“The final substantially pure solution resulting 
from the treatment by the above outlined series of 
steps is then treated by the addition thereto of a 
relatively small proportion, e.g. 2 g/1, of an iron 
compound, such as ferrous sulphate, the pH of the 
solution being regulated to be at least 4.5 or prefer¬ 
ably above, and suitably between 7 and 8. On stand¬ 
ing a relatively short time, a floe of iron compounds, 
preponderantly hydrates, is precipitated. This floe 
or precipitate appears to remove traces of harmful 
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impurities which are left in the solution after tne 
usual purification procedure. We have not been able 
to establish the exact mechanism by which these 
impurities are removed, nor have we been able to 
identify even qualitatively the nature of the fin- 
purities. We have found repeatedly, however, and 
after a great number of experiments, that manga¬ 
nese sulphate electrolytes which refuse to yield a 
satisfactory manganese deposit prior to the treat¬ 
ment in accordance with our invention, would 
readily deposit manganese on the cathodes after tfie 
treatment step of our invention was employed. 

“We have already pointed out that we have been 
unable to identify even qualitatively the impurities 
removed in the iron purification or treatment step. 
Spectrographic analysis has failed to identify the 
impurities removed. There are many instances re¬ 
ferred to in the technical literature where solids 
have been absorbed by iron hydroxides and it ap¬ 
pears that traces of impurities may be removed by 
this mechanism. The purification, however, may be 
in part chemical. The tendency of metal sulphides 
to form colloids is well known and free sulphur may 
be postulated as present in the solutions. It is pos- 
sibe that the function of the treatment step which 
we employ may be the removal of such solids, prob¬ 
ably in the form of microscopic particles. Whatever 
the mechanism of purification may be, however, 
there is no question of the advantages of the treat¬ 
ment step in that solutions, from which manganese 
could not be deposited satisfactorily, were Re¬ 
peatedly made more susceptible to plating after the 
treatment.” 


The net effect of this whole disclosure as to the 
theory of how the invention works is that the applicants 
did not know why the process was successful, that it 
might be attributable to many things, but that they had 
found out by actual practice that they could take solu¬ 
tions which would not satisfactorily electrodeposit man- 
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ganese and by purifying them according to their proc¬ 
ess they would electrodeposit manganese satisfactorily. 
It is to be noted that the application states that the 
solution after treatment with hydrogen sulphide and fil¬ 
tering is “free of precipitated impurities.” This is in 
agreement with Woodman’s testimony at the trial. In 
referring to the chart (Plaintiff’s Exhibit 2; App. 109), 
Woodman stated (App. 14): 

“The solution at Step (8) has been purified of 
some of the impurities. There still remains in solu¬ 
tion, not as suspended particles but actually in solu¬ 
tion, there still remains some impurities which, if 
allowed to go to the electrolytic cell, will cause what 
is known as re-solution of the manganese and the 
manganese will refuse to plate. 

“Q. At that stage, the solution is clear also, 
isn’t it, despite the fact that it contains these im¬ 
purities? 

“A. Yes. The solution from Step (8) goes 
through Filter (9) and in Filter (9) all suspended 
matter is removed. Therefore, the only things re¬ 
maining in the solution are the impurities which are 
soluble and are in solution and therefore cannot be 
caught on filter (9).” 

On cross-examination Woodman in referring to the 
solutions which had been treated with hydrogen sulphide 
said (App. 57): 

“We would take those solutions and many times filter 
those solutions through paper pulp an inch thick, 
try to plate them, filter them again through paper 
pulp an inch thick, which you know is one of the 
finest filtration aids that you can get, and still 
those solutions refused to plate, which was certamly 
indicative that it was not suspended matter or col¬ 
loids like that that zoos doing it. It must have been 
some chemical compound in the solution that the 
filter could not touch. 
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“Now, we could take those solutions, treat them 
with our iron, filter, and the solutions would plate 
beautifully.” 

The statement in the District Court’s opinion: 

“The tendency of metal sulphides to form colloids is 
well known and free sulphur may be postulated! as 
present in the solutions. It is possible that the 
function of the treatment step which we employ nkay 
be the removal of such solids, probably in the form 
of microscopic particles.” 

should be considered in connection with Finding of Fact 
No. 15 (App. 72) which reads: 


“15. The applicants, at the time their specifi¬ 
cation was written, were of the opinion that the 
impurities remaining after the sulphide treatment 
were, possibly, in solution in the manganese solu¬ 
tion. The specification states that after the sulphide 
treatment the solution is ‘free of precipitated im¬ 
purities.’ ” 

When applicants’ specification is considered as a 
whole it is evident that there is no departure between the 


theories expressed in the application and the theories 
expressed by Woodman at the trial. 


(b) Even if there were a departure between the 
theories given in the application and those expressed by 
Woodman at the trial, it would be immaterial because it 
makes no difference whether the theory set forth in an 
application is wrong or whether any theory is expressed. 
It is merely necessary to disclose an operative process 
which one skilled in the art could follow and accomplish 
the desired results. There is no attack on the disclosure 
from this standpoint and there could not well be any 
such attack because the actual steps used in carrying 
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out applicants’ process are clearly set forth in the 
specification. 

Diamond Rubber Company of New York v. Consoli¬ 
dated Rubber Tire Company, 220 U.S. 428, 435-6, (U. S. 
Supreme Ct., 1911): 

“A patentee may be baldly empirical, seeing nothing 
beyond his experiments and the result; yet if he 
has added a new and valuable article to the world’s 
utilities he is entitled to the rank and protection of 
an inventor. And how can it take from his merit 
that he may not know all of the forces which he 
has brought into operation? It is certainly not 
necessary that he understand or be able to state 
the scientific principles underlying his invention, 
and it is immaterial whether he can stand a suc¬ 
cessful examination as to the speculative ideas in¬ 
volved. Andrew v. Croos, 8 Fed. Rep. 269; Eames 
v. Andrews, 122 U.S. 40, 55; St. Louis Stamping Co. 
v. Quinby, 16 Off. Gaz. 135; Dixon Wood Co. v. 
Pfeifer, 55 Fed. Rep. 390; Cleveland Foundry Co. 
v. Detroit Vapor Stove Co. (C.C.A. Sixth Circuit), 
131 Fed. Rep. 853; Van Epps v. United Box Co. 
(C.C.A. Second Circuit), 143 Fed. Rep. 869; West¬ 
moreland Specialty Co. v. Hogan (C.C.A. Third Cir¬ 
cuit), 167 Fed. Rep. 327. He must, indeed, make 
such disclosure and description of his invention that 
it may be put into practice. In this he must be 
clear. He must not put forth a puzzle for invention 
or experiment to solve but the description is suf¬ 
ficient if those skilled in the art can understand it. 
This satisfies the law, which only requires as a con¬ 
dition of its protection that the world be given 
something new and that the world be taught how 
to use it. It is no concern of the world whether the 
principle upon which the new construction acts be 
obvious or obscure, so that it inheres in the new 
construction.” 

Eames v. Andrews, 122 U.S. 40, 55, 56: 

“It is to be observed that the scientific theory 
and principle, the application of which is supposed 
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to constitute the invention of Colonel Green, are 
not set forth either in the original or reissued pat¬ 
ents. This feature was commented upon by Mr. 
Justice Blatchford in Andrews v. Cross, 19 Blatch- 
ford, 294, 305, as follows: ‘It may be that the in¬ 
ventor did not know what the scientific principle 
was, or that, knowing it, he omitted, from accident 
or design, to set it forth. That does not vitiate 
the patent. He sets forth the process or mode pf 
operation which ends in the result, and the means 
for working out the process or mode of operation. 
The principle referred to is only the why and the 
wherefore. Thai is not required to he set forth. 3 33 

The Electric Storage Battery Company v. Shimad- 
zu et al., 123 F. 2d 890, 897 (C.C.A. 3,1941): 

“An inventor is not required to know why his in¬ 
vention works, but if it does work he is entitled to 
the monopoly conferred by R. S. 4886 ( 35 U.S.C.A. 
31).” 

Shimadzu et aZ. v. Electric Storage Battery Com¬ 
pany, 17 F. Supp. 42, 52 (D.C. E.D. Pa., 1936): 

“The patent law is not concerned with abstract sci¬ 
entific principles, but with the means of useful y 
employing processes, apparatus, etc., which may re¬ 
sult therefrom. As observed by Mr. Justice Holmes 
in Minerals Separation Corporation v. Magma Com¬ 
pany, 280 U.S. 400, 403, * * * ‘No one concerned 
in this business would care a straw as to the inti¬ 
mate nature of the action if it produced the result.’ ” 

General Motors Corporation v. Swan Carburetor 
Company, (C.C.A. 6,1937), 88 F. 2d 876, 886: 

“It is not necessary that Swan understand all the 
scientific principles involved in his device [A. G. 
Smith Corp. v. Lincoln Electric Co., 82 Fed. (2d) 
226 (C.C.A. 6) ]. It is only necessary that he make 
such disclosure and description of his invention 
that it may be put into practice. Diamond Rubber 
Co. of New York v. Consolidated Rubber Tire Co., 
220 U.S. 428, 436.” 
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CONCLUSION. 

The inventors made a meritorious invention not 
disclosed in the prior art. The judgment of the District 
Court dismissing the Complaint should be reversed. 
Plan tiff’s prayer for an order finding that it is entitled 
according to law to receive a patent for this invention 
as set forth in the claim specified in Paragraph 6 of 
the Complaint should be granted. 

Respectfully submitted, 

Donald A. Gardiner, 
Attorney for Appellant, 
Woodward Building, 
Washington, D. C. 

Of Counsel : 

William H. Webb, 

Bruce G. Mackey, 

Webb, Mackey & Burden, 

Farmers Bank Building, 

Pittsburgh 22, Pa. 
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STATEMENT OF QUESTIONS PRESENTED 

The appellee disagrees with the Statement of the 
Questions Presented which appears in the Brief for 
Appellant. In the opinion of the appellee, the question 
is whether the process set forth in the claims of the 
appellant’s application involves an advance over the 
prior art amounting to invention and, thus, is entitled 
to patent protection under the provisions of R. S. 4886 
(35 TJ.S.C. 31). 
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SUnitefc States Court of Appeals 

DISTRICT OF COLUMBIA CIRCUIT 


APPEAL NO. 10,928 
_ 

* 

Vanadium Corporation of America, appellant 

v. 

John A. Marzall, Commissioner of Patents, appellee 

APPEAL FROM THE JUDGMENT OF THE UNITED &TATES 
DISTRICT COURT FOR THE DISTRICT OF COLUMBIA 

I * 

— 

BRIEF FOR THE COMMISSIONER OF PATENT? 

INTRODUCTION 

This is an appeal from the judgment of the United 
States District Court for the District of Coltimbia 
(73) 1 dismissing the complaint (2-5) in an action under 
R. S. 4915 (U.S.C. Title 35, Section 63) in whifh the 
appellant, Vanadium Corporation of America, bought 
to have the court authorize the issuance of a patent on 
its application Serial No. 430,258 (74). The refusal of 
the patent by the Patent Office and the District Court 
was based upon lack of invention over the prior aft. 

1 Unless otherwise indicated the numbers in parentheses r^fer to 
pages in the joint appendix. 


(1) 
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APPELLANT’S APPLICATION 

The application involved in this appeal relates to the 
preparation of manganese sulphate solution for elec¬ 
trolytic processing. Such preparation consists essen¬ 
tially of a series of purification treatments to eliminate 
undesirable chemicals from the manganese solution. 
For the purposes of this appeal it is necessary to con¬ 
sider only the final few steps which, in the prior art, 
as exemplified by the Hannay et al. patent No. 2,259,418 
(141) and the Bureau of Mines Report No. 3406 (111) , 
comprised (1) treating the solution to remove such 
impurities as iron and arsenic and (2) converting cer¬ 
tain other metal sulphate impurities (e.g., nickel, 
copper) to sulphide precipitates by the use of hydrogen 
sulphide. 

According to the appellant’s application certain 
residual impurities remained which inhibited proper 
plating in the electrolytic phase of the process. 

The appellant’s alleged invention is directed toward 
the elimination of these residual impurities and, to that 
end a soluble metal salt, such as iron sulphate, is added 
to the solution which, according to the specification, has 
the desired effect of removing the impurities and ren¬ 
dering the electrolysis uniformly effective. 

In summation, the appellant bases its claim of in¬ 
vention on adding to the prior art processes an allegedly 
new purification step to remove residual impurities. 

THE HANNAY ET AL. PATENT 

The Hannay et al. patent No. 2,259,418 (141) was 
cited merely to show the conventionality of the pre¬ 
liminary treatment, including the use of hydrogen sul- 
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t phide, as set forth in the first full paragraph oh page 

f 144 of the joint appendix, as follows: 

* While we do not wish to limit the scope pf our 
present invention to any particular purification 
step, we have found that the use of hydrogen sul¬ 
phide for the precipitation of metallic impurities 

k present in solutions containing manganese is par- 

m ticularly suitable in this step of the processi after 

removal of iron by standard methods.” 

THE BUREAU OF MINES R. OF I. NO. 3406 

^ The Bureau of Mines R. of I. No. 3406 (111) was 

cited to show, and was held by the District Court to 
constitute, a teaching of the crucial step in the appel¬ 
lant’s process, the addition of a soluble metal salt. As 
was developed at the trial (51), the reference a dmi t- 

* tedly suggests the use of iron sulphate as an addition 

* agent for manganese sulphate solutions for the express 

r purpose of precipitating the arsenic impurity, The 

reference does not specifically set forth that this treat- 

* ment should follow the soluble sulphide purification 
step, the sequence specified in the claims. 

w THE PRESCOTT AND JOHNSON PUBLICATION 

* Pages 114, and 115 of “Qualitative Chemical Analy- 

^ sis”, 5th Edition (151,152) set forth, in the Iasi; para¬ 

graph on page 114, ending at the top page ll£, that 
treatment of a solution to precipitate arsenic by the use 
of hydrogen sulphide will not completely eliminate the 

r arsenic if much pentad arsenic is present in the solu- 

w tion. The reference thus establishes that a solution 

" which has been treated with hydrogen sulphide might 

> * well contain arsenic unless it is known with certainty 

that no arsenic in the pentavalent form was pre sent. 
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SUMMARY OF ARGUMENT 

1. The issue presented for decision is whether 
the District Court was clearly wrong in agreeing 
with the Patent Office that the appellant’s contri¬ 
bution was no more than a routine step forward in 
the art, not amounting to invention. 

2. The appellant’s application disclosed that it 
was reasonable to suspect that the impurities were 
colloidal in nature and that it was well known that 
colloids could be removed by treatment with soluble 
metal salts, such as iron sulphate. 

3. The applicants’ contribution was obvious in 
view of the state of the art as disclosed in the speci¬ 
fication of the application. 

4. In view of evidence introduced at the trial it 
was reasonable to suspect that traces of arsenic 
were present in the electrolyte following the H=S 
treatment. 

5. Since the Bureau of Mines Report No. 3406 
taught that arsenic could be removed by the use 
of ferrous sulphate, the addition of this step to 
the prior art treatment was obvious. 

6. The record fails to show that the applicants 
solved a long standing problem that others, skilled 
in the art, tried to solve and failed. 

7. The appellant’s contention that a single 
reference must show the total combination to nega¬ 
tive patentability is without basis in the law. 

ARGUMENT 

After a careful and impartial study of all the evi¬ 
dence in the case, the District Court found (67-69) that 
it was in complete accord with the Patent Office hold¬ 
ing, that, in view of facts within the knowledge of the 
applicants, including the prior art teachings, the step 
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forward outlined in the appealed claims was one Which 
should have been obvious to a skilled worker in that art. 
Accordingly, it properly held that the results attained 
were no more than the result of routine experimenta¬ 
tion, representing merely a step forward in the gradual 
development of an art. 

Assuming that the facts accord with this premise, it 
is well settled law that even though a process be both 
novel and useful, if it is the result of routine experi¬ 
mentation, it is lacking in invention and, thus, un¬ 
patentable. In Mandel Bros. Inc. v. Wallace , 335 U. S. 
291, 79 U.S.P.Q. 220, it is stated: 

“But we think that the state of the prior art was 
plainly sufficient to demonstrate to any sldlled 
chemist searching for an anticorrosive agent that 
he should make the simple experiment that; was 
made here. * * * Skillful experiments in a 

laboratory, in cases where the principles of the 
investigation are well known and the achievement 
of the desired end requires routine work rather 
than imagination do not involve invention. * * * 
The step taken by the patentees in advance of past 
knowledge was too short to amount to invention.” 

Holdings of the same import are to be found in 
Minnesota Mining and Mfg. Co. v. Coe, 69 App. D.C. 
219, 99 F. 2d 986 and Standard Oil v. Marzall , 86 U. S. 
App. D.C. 210,181 F. 2d 280. 

In this appeal, therefore, the Court is called upon to 
decide the following single issue: 

Does the record in the case show that the District 
Court and the Patent Office were clearly wrong 
in holding that the appellant’s advance over the 
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prior art was a routine step forward in the art, not 
amounting to invention ? 

It is submitted that the evidence in the case falls far 
short of showing clear error and, indeed, shows without 
question that the appellant’s process lacks invention. 

THE APPLICANTS’ CONTRIBUTION WAS OBVIOUS IN VIEW OF THE 

state of the art as disclosed in their specification 

In order to correctly determine the question of obvi¬ 
ousness in any case involving this issue, the first logical 
step is to examine the storehouse of knowledge upon 
which the experimenters could draw prior to the dis¬ 
covery. 

According to the specification in the application, it is 
disclosed on page 75 of the Joint Appendix, lines 4 to 8, 
that it was known that small traces of impurities would 
inhibit manganese deposition. Thus, it was known that 
the failure of prior art processes was due to impurities 
in the final manganese sulphate bath, which were not 
removed by the known procedures. 

Moreover, the specification states (77, lines 7 to 11) 

“The tendency of metal sulphides to form col¬ 
loids is well known and free sulphur may be postu¬ 
lated as present in the solutions. It is possible that 
the function of the treatment step which we employ 
may be the removal of such solids, probably in the 
form of microscopic solids.” 

To state it another way, the applicants knew that 
metal sulphides, such as the nickel and copper sulphides 
resulting from the HzS treatment step, tended to form 
colloids which would pass through the filter and remain 
in the solution as impurities. It is stated that this 
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tendency was “well known” and, thus, the possibility, 
or even probability, of colloidal impurities would be 
readily apparent to a skilled worker, even without, the 
need for experiments. 

It is proper, at this point, to determine what action 
the ordinary skilled experimenter could be expected to 
take, without exhibiting unusual talent, to eliminate 
the impurities. In view of what was known, or 
suspected, of the nature of the impurities (as being col¬ 
loids), any of the recognized methods for precipitating 
or otherwise removing colloids must necessarily be con¬ 
sidered obvious possibilities for trial. If the known 
methods were tried and found ineffective, the develop¬ 
ment of a new purification step may be said to involve 
unusual talent amounting to invention. 

If, on the other hand, the problem was solved by 
merely using a recognized solids removing purifying 
step, the advance in the art was routine and, under the 
rule, not deserving of patent protection. 

Referring to the particular facts here, therefore, if 
the iron sulphate treatment constituted a known means 
for removing small traces of solid impurities, the: ap¬ 
pellant’s process cannot be said to be inventive. The 
specification of the application supplies this crucial 
information as follows (77, lines 2 to 6) : 

i 

There are many instances referred to in the tech¬ 
nical literature where solids have been absorbed 
by iron hydroxides and it appears that traces of 
impurities may be removed by this mechanism 


Thus, the use of iron salts to form hydroxides to c 
down solids to purify solutions was a known and 


re 


arry 

cog- 
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nized purification treatment. The record is completely 
devoid of any showing that the result of using this step 
in purifying manganese sulphate would be unpredic¬ 
table nor is there any contention that the coaction of 
this step with the other steps of the process brings 
about an unobvious result. 

The only conclusion, therefore, is that, on the basis 
of the application disclosure alone, the applicants’ ad¬ 
vance was merely a routine step forward in the develop¬ 
ment of the art, and that it vras unnecessary for them 
to contribute the uncommon talent required for inven¬ 
tion in order to reach the desired result. 

THE ADDITION OF THE IRON SULPHATE STEP SHOULD HAVE BEEN 
OBVIOUS IN VIEW OF THE BUREAU OF MINES REPORT NO. 3406 

Additional evidence of the obviousness of the appli¬ 
cants’ contribution is found in the Bureau of Mines 
Report of Investigation No. 3406 (111). On pages 7 
and 8 of the Report (115,116) there appears, under the 
title “Impurities in Manganese Electrolyte” a discus¬ 
sion of a number of different types of impurities, with 
suggestions of treatments to effect their removal. Un¬ 
der the sub-title “Arsenic”, the Report suggests, in 
connection with the removal of arsenic: 

“Accordingly, ferrous iron in the form of metal¬ 
lic iron or ferrous sulphate was added to the im¬ 
pure leach solution when the ferrous-iron content 
was less than 0.1 gm per liter.” 

The import of this reference, therefore, is that an 
iron sulphate treatment was known to be effective in 
removing arsenic from manganese sulphate electrolyte. 
Although the diagrams in other portions of the Report 
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indicate that such treatment usually preceded the con¬ 
version of the nickel and copper to sulphides, there is 
no suggestion that the iron sulphate step would juot be 
equally effective in removing traces of arsenic follow¬ 
ing a sulphide treatment. 

Hence, this ground of rejection depends upon 
whether skilled workers in the art could have beep rea¬ 
sonably expected to suspect the presence of traces of 
arsenic in the electrolyte following the H 2 S purifying 
step, and certain evidence introduced at the trial tend¬ 
ing to establish this fact may be summarized as follows: 

1. As set forth above, the Prescott and Jotmson 
Test (151, 152) states unequivocally that aA H=S 
treatment will not remove all arsenic if too much is 
present in the pentavalent state. 

2. Plaintiff’s exhibits 6, 7 and 8 state that an 
iron sulphate treatment following an H 2 S step 
(appellant’s process) will remove traces of arsenic. 
Thus, the plaintiff’s own exhibits demonstrate that 
all arsenic is not removed by the sulphide step, and 
one of the purposes of their process is the removal 
of traces of arsenic (131, second column, lines 21 
to 26; 138, lines 19 and 20; 140, lines 35 and 36). 

3. One of the applicants, in testifying At the 
trial, admitted that arsenic could well “slip 
through” the sulphide treatment (54) 

The evidence shows conclusively therefore, that ex¬ 
perimenters should have predicted the presence of 
arsenic traces in the electrolyte prior to the appellant’s 
final step. Although the exact nature of the impurities 
causing the trouble was unknown (76, first full para¬ 
graph) the applicant had every reason to suispect 
traces of arsenic. In view of the Bureau of Mine^ sug- 
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gestion for removing arsenic, the addition of iron sul¬ 
phate becomes an obvious possibility for overcoming 
the trouble and an expedient which should have oc¬ 
curred to experimenters in the art without the need 
for exhibiting any unusual talent. 

THERE IS NO EVIDENCE THAT APPLICANTS SOLVED A LONG STANDING 
PROBLEM WHERE OTHERS HAVE FAILED 

The statement on page 27 of the appellant’s brief 
(3rd paragraph) that others have long attempted to 
meet the problem without success is not supported by 
the record. The testimony in the case (as summarized 
on pages 21 to 24 of Appellant’s Brief) brought out 
merely that the numerous other persons mentioned 
were either associated with the applicants and were 
familiar with the problem or acted in a supervisory 
capacity over the applicants. There is no evidence that 
any persons, other than the applicants themselves, 
actively engaged in the experimental work. Accord¬ 
ingly, the record falls far short of showing that others 
tried and failed, where the applicants succeeded. This 
case is distinguished from the Kelley v. Coe case cited 
by the appellant (App. Brief 24) on this point alone. 
In that case, the court states, “But although a number 
of experimenters attempted to achieve the desired re¬ 
sult, the important fact is that none of them succeeded.” 
The mere failure of others to come forward with a solu¬ 
tion for the problem does not make the solution any less 
obvious. Paramount Publix Corp. v. American Tri¬ 
ergon Corp., 294 U.S. 464. 

IT IS NOT NECESSARY THAT ONE REFERENCE SHOW THE ENTIRE 
COMBINATION TO ESTABLISH LACK OF INVENTION 

On page 29 of the appellant’s brief, it is contended 
that the rejection of the appealed claims is not proper 
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since no one reference shows the combination of 4 solu- 
ble sulphide treatment followed by the addition (\f fer¬ 
rous sulphate. However, a study of the authorities will 
show a number of decisions specifically holding jthat a 
single reference showing the general combination is 
not necessary to negative patentability. For example, 
it was stated in Gilbert et al. v. Marzall, 85 USPQ 288, 
637 0. G. 981, that: 

It is, however, well established that “Where a 
patent includes a combination of elements, it is 
not necessary to establish anticipation that all of 
the elements be found in a single earlier patent or 
in a single device previously in general use. It is 
enough if the evidence, taken as a whole, discloses 
that all of the claimed elements are found in differ¬ 
ent prior patents in the art or in different devices 
previously in general use, and no new functional 
relationship arises from their combination. ” 

Similar holdings are found in Radke v. Coe , 74 App. 
D. C. 251,122 F. 2d 937, In re. Goepfrich, 30 CCPA1181, 
136 F. 2d 918 and specifically in connection with proc¬ 
esses in In re Mulkolland, 37 CCPA 983,181 F. 2d 249. 
The correct rule, which is apparent from these decisions 
and others, is that where the references in the prior art 
show individual features of the claims, there is no in¬ 
vention where the act of combining those features 
should have been obvious. This conforms to the facts 
in this case as hereinbefore set forth. 

CONCLUSION 

For the reasons given, it is submitted that the appli¬ 
cant’s contribution to the art involved nothing more 
than adding a known purifying step at the end of the 
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prior art purifying process. Moreover, the step was 
one which should have been obvious to the applicants in 
view of their postulation of the presence of colloids 
and, further, in view of the Bureau of Mines Report 
No. 3406. The record does not establish that the appli¬ 
cants exhibited the “uncommon talent” and “creative 
genius” required by the doctrine announced in Stand¬ 
ard Oil v. Mar sail, 86 U. S. App. D. C. 210,181 F. 2d 280, 
but rather that the facts show “an example of the 
natural step by step development of the art” as referred 
to in Sinclair Refining Co. v. Coe, 78 U. S. App. D. C. 
176,138 F. 2d 673. 

Respectfully submitted, 

E. L. Reynolds, 

Solicitor, U. S. Patent Office, 


S. W. Cochran, 

Of Counsel. 

Attorney for Appellee. 

April, 1951. 
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